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ABSTRACT
Over the past two decades, Merida, the capital of the Yucatan state, has experienced
tremendous growth; its population has more than doubled, from 212,000 in 1970 to
523,000 in 1990. To accommodate the growing population, both legal and illegal
settlements have sprung up virtually overnight, outstripping the capacity of the city's
infrastructure services. This rapid urbanization, along with increased industrialization
and changing agricultural practices in surrounding rural areas, threaten to contaminate
Merida's underlying aquifer, the city's only source of drinking water.
Although local and state officials have taken many positive steps to protect the
environment, existing groundwater protection policies are limited. As a result, there is
a need for a more coordinated and comprehensive approach to protecting Merida's
groundwater resources, and, in particular, its drinking water supply. With that need in
mind, this thesis describes a comprehensive planning approach that city officials and
citizens can use in developing measures to protect their groundwater resources. The
goal of the thesis is to provide a broad overview of the issues that should be
considered in developing an effective groundwater protection program.
While the federal government has taken the lead in protecting water resources, neither
it nor the state government have the power to regulate local land uses that have a
direct impact on groundwater quality. Thus, the local government must take the
initiative in designing a local groundwater management plan to protect its groundwater
resources.
The thesis concentrates on the process of developing a protection program and
develops recommendations for how Merida can begin a comprehensive planning
approach to protecting its groundwater. The thesis as a whole should be viewed as a
primer for managing water quality at the local level in a developing country context.
Thesis Supervisor: Paul F. Levy
Title: Visiting Lecturer
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CHAPTER 1
MERIDA'S NEED FOR GROUNDWATER QUALITY PROTECTION
"The problem in Yucatan is not the quantity of water but its quality."
Merida water official
INTRODUCTION
Over the past two decades, Merida, the capital of the Yucatan state, has
experienced tremendous growth; its population has more than doubled, from 212,000
in 1970 to 523,000 in 1990. To accommodate the growing population, both legal and
illegal settlements have sprung up virtually overnight, outstripping the capacity of the
city's infrastructure services. This rapid urbanization, along with increased
industrialization and changing agricultural practices in surrounding rural areas,
threaten to contaminate Merida's underlying aquifer, the city's only source of
drinking water.
Although local and state officials have taken many positive steps to protect the
environment, existing groundwater protection policies are limited. As a result, there
is a need for a more coordinated and comprehensive approach to protecting Merida's
groundwater resources, and, in particular, its drinking water supply. With that need
in mind, this thesis describes a comprehensive planning approach that city officials
and citizens can use in developing measures to protect their groundwater resources.
The goal of the thesis is to provide a broad overview of the issues that should be
considered in developing an effective groundwater protection program. It may be of
particular use to managers of Parque Cuxtal, an ecological reserve south of Merida
that, by chance, contains one of Merida's main wellfields. These managers have
already expressed a willingness to consider water protection in the park's management
plan.
This thesis focuses not on engineering issues associated with groundwater
protection, but on the public policy issues that arise in identifying potential problems
and possible solutions. The thesis concentrates on the process of developing a
protection program and develops recommendations for how Merida can begin a
comprehensive planning approach to protecting groundwater.
The thesis as a whole should be viewed as a primer for managing water
quality at the local level in a developing country context. While there are several
planning books on the subject of groundwater protection, they primarily focus on the
United States' experience. This thesis has taken that experience and applied the
lessons learned from it to Merida.
MERIDA'S GROUNDWATER PROTECTION POLICIES
Concerned with the negative impact increased population can have on water
quality, city and state officials have recently developed certain policies to protect
Merida's drinking water supply. The city's 1993 master plan, for example, prohibits
all land uses within 500 meters of a public supply wellfield. The city's first
environmental policy act, passed in September of 1993, articulates a more cohesive
approach towards protecting natural resources.
To further protect Merida's water quality, the local office of the National
Water Commission (CNA), the federal authority responsible for managing water
resources, has revived a city sewerage project begun in the early 1980s'. The
updated project proposes to build a city-wide sewerage system in eight, two-year
stages, beginning in the northern part of the city where some piping is already in
place2 . The CNA is also elaborating a state aquifer management regulation that
proposes to monitor extraction quantities3 , protect public water supply areas, and
conduct further studies to better understand the aquifer.
These efforts to address potential contamination threats are positive steps
toward protecting the productive and high quality water aquifer, an especially
desirable asset to have in a country where the greater part of the national territory is
arid or semi-arid (Gonzilez Villareal, 1973). While the federal government has taken
the lead in protecting water resources, neither it nor the state have the power to
regulate local land uses that have a direct impact on groundwater quality. Thus, the
local government must take the initiative in designing a groundwater management plan
to protect its water quality4 . To undertake such an endeavor, given that groundwater
does not respect jurisdictional boundaries, will require increased collaboration among
'Only a few neighborhoods in the city have a piped-sewerage system; most of the
population relies on on-site septic systems that often retain water for periods much shorter
than recommended. Low income people without piped-water rely on the outdoors.
2The CNA is now seeking funding for this project and is studying new technologies that
facilitate the laying of pipes on a relatively flat limestone terrain with a very thin soil layer.
3Such quantities have increased in recent years, as government policies have encouraged
farmers to switch from henequen (hemp) harvesting to more water-intensive crops. Since the
inception of these policies, the number of registered wells in the state increased from 1,700
to 5,000, of which 3,629 are for agricultural use.
4Failure for local governments to design their own protection measures may result in the
state issuing restrictive ones that can hinder economic development.
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agencies at the local, state, and federal level whose policies have an impact on water
quality.
Furthermore, to develop a management plan may require additional research to
better determine the technical basis for a more effective protection measure. As
communities in the United States (US) have discovered, selecting an arbitrary radius
around a wellfield is not usually sufficient to protect water quality. The 500 meter
radius for public wells that CNA has selected, and which Merida has applied, may
only protect the wells' immediate area from contaminants, but does very little to
protect the areas where the deep waters are recharged. These areas may be
kilometers away, outside the city's jurisdiction. For Merida this may mean
collaborating with other towns or cities within such areas5.
Without a management plan, the Merida aquifer is highly susceptible to
contamination, putting certain population groups seriously at risk. The consequences
of land use practices may not be felt for many years, but when they do show up, it
may be too late to remediate the problem.
Policies to control urban pollution, however, may not be enough. There is
also a need to coordinate these with rural policies because recharge areas may fall
5Merida may also have to collaborate with towns and cities down gradient from it.
Contaminant transport modelling has revealed that contaminants entering the aquifer from
Merida can quickly flow towards the coast, where the aquifer discharges into the Gulf of
Mexico. Contaminated water potentially threatens shallow well users down flow from
Merida as well as the coastal natural ecosystem (Gonzilez Herrera et al., 199?). Because
groundwater may cross several jurisdictional boundaries, a regional authority to manage this
resource may be needed. This regional authority would help coordinate local efforts in the
protection of the aquifer.
within rural zones. Currently, local policies do not address contamination threats from
agricultural chemicals used in rural areas surrounding the city. Agricultural activities
have increased substantially in recent years as henequen (hemp) subsidies were
eliminated and a government agricultural diversification program, established in 1990,
encouraged farmers to undertake a transition from traditional henequen harvesting to
more lucrative agricultural activities. Where farmers once planted henequen, they now
grow citrus trees and a variety of horticultural crops that require fertilizers and
pesticides. In other areas, farmers have replaced henequen fields with swine farms
and cattle ranches.
The impact of agrichemicals and animal manure on the Merida aquifer has not
been studied, yet we know from other areas that pesticides, fertilizers, and animal
manure, when not properly managed, can contaminate groundwater. For example, in
1983 ethylene dibromide (EDB), a pesticide applied to citrus grove soils, was found in
deep wells in Central Florida, an area whose aquifer shares similar hydrogeological
characteristics to the one in Yucatan6 (Miller, n.d.). Merida's aquifer may be at great
risk from the application of pesticides because many of the farmers do not have proper
training in their use, storage, and disposal (Alvarado Mejia et al., 199?).
A study of twelve public water supplies in Yucatan's southern agricultural zone
6Florida banned EDB use and adopted a drinking water standard of .02 parts per billion
(ppb) because even low levels of EDB have been found to have adverse health effects. Three
public wells in northern Jackson county were closed in 1983 due to levels 16.5 times higher
than this standard. By 1986, a state-wide testing program revealed contamination of roughly
one in nine private wells. Some of these wells had levels of EDB as high as 3000 times the
drinking water standard (Miller, n.d.).
concluded that 8 of the 12 wells sampled over a one year period had been
contaminated by fertilizers (Pacheco et al., 199?). Likewise, in the US, many rural
communities have had their water contaminated by nitrates from fertilizers and animal
manures. In Iowa, for example, doctors have reported cases of blue-baby syndrome
(methemoglobinemia), a toxic reaction in which nitrites, which the body produces
from nitrates, interfere with the uptake of oxygen by hemoglobin in the blood'
(Minnesota Project, 1993a).
While in rural areas farmers and their families are at immediate risk of
drinking contaminated water, urban residents who depend on shallow wells are also at
risk. These residents are unlikely to get sewerage service extended to them because
they may not be near enough to the sewer mains to benefit from the proposed
sewerage project8 . This project will, therefore, not completely remove the
contamination threat posed by human wastes and other anthropogenic contaminants
that find their way into shallow wells. Unless these areas get piped water, the
residents, who represent up to 11% of the city population, will be at risk of consuming
contaminated water.
While local and state officials have made substantial efforts in protecting
7In babies, a dose higher than 10 mg/l of nitrate-nitrogen can lead to a toxic reaction and
even death. Higher nitrate levels in water may be acceptable when babies breastfeed and
drink cow's or goat milk rather than drink formula made with the contaminated water
(Hespanhol and Prosi, 1994).
For adults, nitrites reacting with "nitrosable" compounds, cancer-causing agents, may
also lead to stomach cancer (although studies to confirm this causal effect have been
inconclusive).
8These areas are unlikely to get sewerage services in the near future since poor areas
often do not get this service because of its expense (Bamberger and Hewitt, 1986).
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groundwater resources, they need to develop a comprehensive approach to protecting
this resource. A single agency alone cannot prevent the aquifer's contamination
because groundwater behaves in a complex manner, requiring a collaborative effort
from all agencies whose policies can impact water quality.
METHODOLOGY
This thesis is based on eight weeks of field research in Merida during August
1993 and January 1994 and a review of the literature on groundwater protection
planning. During my field research I conducted interviews with government officials,
local researchers, and environmentalists (listed in Appendix A). In addition, I visited
the wellfield in the Cuxtal Reserve and several independent public supply systems. I
also collected copies of official documents, reviewed technical studies related to the
Yucatan aquifer, and consulted local newspapers and journals.
The thesis is organized in three chapters. The remainder of this chapter
introduces Merida and its aquifer's vulnerability. Chapter 2 develops a
comprehensive approach to planning a groundwater protection program. Chapter 3
then presents recommendations for how city officials can begin applying this approach
in Merida.
BACKGROUND ON MERIDA
Built in 1542 on the remains of the Maya city of Ichcaanzihd, Merida is a
modern colonial city with 585,000 residents, roughly 40% of the Yucatan's
population of 1.4 million (PDM, 1993; INEGI, 1991). Between 1970 and 1990 the
city's population grew an average annual rate of 4.6%; it is projected to continue
growing at a rate of 3.8% per year over the next decade (PDM, 1993). The city has
a total area of 16,000 hectares, of which 75% are occupied, located inside a
peripheral road that separates urban from rural (Bolio Oses, 1991). The average city
density is thus around 45 people/ha, with the densest area being found in the city's
poorer, southern regions. (Table 1 in Appendix B provides population trends).
As the regional capital of southeastern Mexico, Merida has over the years
received federal funding to help develop its infrastructure services to meet regional
needs. Communication, transportation, health, and higher education services are
among the most complete and best in the region. However, despite its overall
development, Merida falls short of serving 100% of its population needs. For
example, about 25 % of its residents have inadequate sanitation and 11 % lack potable
water (INEGI, 1991; CNA, 1992).
The promise of jobs has attracted many rural migrants to Merida. In the
1980s alone, 170,000 moved to the city, many settling illegally in the southern
portion where it is easy to establish squatter settlements (Fuentes, 1992). Local
researchers attribute the recent growth of illegal settlements to the creation of a city
land reserve in 1984 and the privatization of the ejidos (collective farms) in
19929'10. (Table 2 in Appendix B provides urbanization figures).
'The ejido is an institution established in 1937 where peasant farmers collectively own
land for agricultural production. Until 1992 members of the collective could build houses on
their land but could not sell them or their land. Often, however, in-migrant ejidatarios
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With the privatization of the ejidos, henequen subsidies were completely
removed. Peasant farmers in the surrounding countryside have thus searched for
alternative sources of income. Some have enrolled in Yucatan's agricultural
diversification program that helps farmers transition to activities such as citrus
harvesting, vegetable cultivation, and animal husbandry. Many have chosen to sell
their land to entrepreneurs who often establish swine farms", a lucrative activity
(peasant farmers) from other areas, rural migrants, and land speculators would pay a small
price for ejido plots that were not under cultivation.
In 1992, unable to subsidize the henequen industry any longer, the Mexican
government removed henequen subsidies, dissolved the ejido collectives, and privatized the
communal lands, giving each of the approximately 40,000 ejidatarios an average of two
hectares of land and those above the age of 50 an indemnization for the taking and a pension.
With subsidies removed, migration and commuting from the henequen zone increased
dramatically. The zone is an area composed of 58 municipalities (out of a total of 120 in
Yucatan) representing in 1990, 71.6% of the total state population. The henequen zone was
established in the middle of the 19th Century after the Caste War, a Maya uprising to protest
the abuses perpetrated by owners and proponents of sugar plantations. After the war, the
northeast portion of the state established henequen as the primary commercial monocrop for
export, and the southern and eastern portion maintained the Maya traditional agricultural
practices of the milpa, a system that involves the rotation of crops (Ba5os Ramirez, 1993).
"In 1984 the state government decreed a city land reserve within the urban road ring,
expropriating ejido lands to build the reserve. With ejidos expropriated for the land reserve,
settlements concentrated on ejido lands in two nearby municipalities -- Uman and Kanasin
which experienced 127% and 244% growth, respectively (Bahos Ramirez, 1993). More
recently, illegal settlements have tended to concentrate in the southern portion of the city,
both within and outside the urban ring, along the primary roads exiting the city.
The 1984 decree also created a state land use commission (CODUVY) to manage all
state owned land reserves. This agency, which became COUSEY in 1987, sought to halt
illegal settlements in Merida by supporting social housing in low dense areas near
infrastructure services for the low income (those making at least 2.5 daily salaries or 25 1993
pesos), and encouraging private developers to build housing for middle to upper income
people in the northern portion of the city where the infrastructure is best developed. The
greater support given to middle income households has led to a housing surplus for this
group and a shortage for the lower income and the poor (those making less than 2.5 daily
minimum salaries) (Tello Peon, 1989; Garcia de Fuentes and Tello Pedn, 1993).
"Feasibility studies have determined that it is cheaper to raise swine in the state for the
Mexican market than to import pork from the US. There are also large swine and poultry
since Yucatan has a ban on out-of-state pork". Still others have moved to the
city". The transition to new crops has meant drilling wells for irrigation", and
using pesticides and fertilizers that can find their way into groundwater.
Furthermore, animal wastes from most swine farms are rinsed off the floor and the
wastewater (or slurry) directly drains in the ground. These agricultural activities,
along with the increased urbanization in the southern part of the city, pose
contamination risks to a highly vulnerable aquifer.
THE VULNERABILITY OF MERIDA'S AQUIFER
The unconfined karst limestone aquifer underlying Merida is part of the
Yucatan aquifer, the sole source of drinking water in the state. Due to a thin soil
cover and limestone fractures, precipitation quickly infiltrates to the water table,
making the aquifer highly vulnerable to contamination.
The aquifer's water quality varies with depth (see Figure 1). The fresh water
lens around Merida extends from a depth of about 8 meters down to 45 meters,
followed by a brackish mixing zone. The water quality is saline from 60 to 200
meters where it meets the aquifer's bedrock. The water table, located at a depth of
projects under consideration.
12The ban was established to prevent the local swine from getting cholera.
13Peasant farmers began settling in the city outskirts in the 1970s when the government
first reduced henequen subsidies. The children of those who live within an 80 kilometer
radius to the city often commute to the city in search of jobs. Young adults, aged 17-25,
work as temporary unskilled laborers in construction, domestic work, and other temporary
activities (Bahos Ramirez, 1993).
"In 1993, 3,629 of the registered 5000 wells in the state were registered for irrigation.
Prior to 1993, there were 2,000 registered wells in total.
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about 8 meters, is highly polluted by wastewater from on-site septic systems.
Consequently, public wells pump water from depths of 20 to 40 meters, avoiding the
upper part of the lens contaminated by anthropogenic sources and depths below 40
meters where fresh water mixes with saline water 5 (Mendez Ramos, 1991).
In addition to external contaminants, water within the aquifer reacts with
geologic formations giving rise to natural contaminants. For example, high levels of
calcium carbonate dissolved from the limestone rock cause hardness of the water.
Treatment plants soften the water from levels of 300-400 mg/l to levels of 200 mg/l
(Interview with JAPAY Water Quality Control Manager). Other natural contaminants
include sulfates, chlorides, and suspended solids whose natural levels, with the
exception of suspended solids, may increase due to municipal and industrial wastes
(Biotecnia Industrial, n.d.).
The city's aquifer is recharged by rainfall 6 , underground flows from the two
neighboring states', leaking water supply pipes, and wastewater, mostly from septic
5Pumping water at a faster rate than recharge would introduce saline water into the fresh
water lens, possibly rendering the water unfit for consumption. This process is known as
saline intrusion.
16The average rainfall in Merida is 1,000 mm/year or about 39 inches (M6ndez Ramos,
1991). Rainfall varies from 500 mm/year at the coast to 1500 mm/year in the eastern part of
the state. Yucatan gets a total of 40,000 Mm3 of rain a year of which 8 Mm3 recharges the
aquifer and the remaining evapotranspirates (SAHR, 1989). The rainy season runs from May
to October and the dry season from November to April, with the driest month being March in
the Merida region (Gonzalez Herrera, 1992).
17The Merida regional aquifer gets an estimated 99 Mm 3/yr of recharge from underground
flows from Campeche and Quintana Roo. The Yucatan aquifer gets a total of 1500 Mm 3
from these states (SARH, 1989; Mendez Ramos, 1991).
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FIGURE 1
CONCEPTUAL MODEL
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Adapted from: M6ndez Ramos, 1991.
tanks". The wastewater from septic systems and leaking water pipes have formed a
mound under the city (see Figure 2). This mound poses the risk of gradient
inversion, in which the water table slope is reversed, thereby changing the direction
of the flow"9 (Canul Bacab, 1993). Although the three major public wellfields are a
few kilometers outside the city, several independent systems are located within and at
the periphery of the city, possibly exposed to contaminants flowing towards them.
In 1989, the federal agricultural and water resources ministry (SAHR)
estimated that statewide, approximately 1524 million cubic meters (Mm 3) of water are
withdrawn annually of the total 9500 Mm 3 recharged to the Yucatan Aquifer. In 1992
the city water utility, JAPAY, extracted 63Mm 3 of water from three public wellfields
and several independent systems to supply residential and commercial customers20'2'
(JAPAY report to CNA, Jan. 1, 1993). JAPAY serves approximately 89% of the
'Other sources include injection wells and surface and sinkhole dumping. Sinkholes or
cenotes are formations where the limestone has worn away, exposing the water table; they
are common in the Yucatan.
"The regional groundwater flows in a North and Northwest direction in the Merida
region and North and Northeast in the eastern part of the state. SAHR (1989) estimates that
the regional average groundwater flow speed is 1.3 km/yr. This means that a persistent
contaminant entering the groundwater in Merida will take about 25 years to reach the coast
(about 35 kms away), the point of discharge.
201n 1991, JAPAY extracted 67Mm3.
21For housing developments where the central water mains have not been expanded,
developers provide independent wells with chlorination systems which JAPAY then services.
There are also auxiliary wells (less than 20) at pumping distribution points. These wells
operate when the water pressure is suboptimal for proper distribution (Interview with JAPAY
Water Quality Control Manager).
Flat karstic lmestone terrain
- No soil
Source: Gooddy et al,, 1993
Figure 2 - HYDROGECLOGICAL SETTING OF MERIDA
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urban population2 2 while the remaining 11 % (mostly poor) depends on shallow
private wells. The remainder of the water extracted statewide is used for agricultural,
industrial, and thermoelectric power production. Much of the extracted water returns
to the aquifer via septic tanks, irrigation, and industrial and municipal injection wells.
The water not extracted discharges to the Gulf of Mexico.
While the region's high rainfall, fast water flow, and the aquifer's natural
capacity to attenuate contaminants may help to reduce the threat of contamination, the
increased urbanization near the existing public wellfields, the increased use of
pesticides and fertilizers, and the increases in animal husbandry in surrounding rural
areas potentially threaten the aquifer. Although further studies may need to be
undertaken to determine the extent of contamination, city officials and citizens can
begin planning a groundwater protection program to control existing and future
contamination sources. Not doing so opens the city to potentially higher water costs
in the future because of the loss of public wells due to contamination or increased
treatment costs to remove contaminants.
Given these risks, the next chapter presents a comprehensive approach that can
be undertaken to develop a protection program.
2 2Merida acquired its first water system in 1966 with the opening of Planta
Potabilizadora I (Treatment Plant I), located in Parque Cuxtal. At that time many of the
private wells in the service area were converted to cesspools and trashdumps (Mendez
Ramos, 1991). The Planta Potabilizadora I has 20-24 operating wells, 500 m apart,
pumping a total of 1200 1/s. The second plant, west of the first one, was put into operation
in 1986; it has 10-14 wells, 400m apart producing 500 1/s. The third plant, northeast of the
first, opened in 1993 to meet the increased water demand. It will go into operation in three
phases. The first phase has 17 wells (500 meters apart) operating out of a total of 34
projected. Their current capacity is 1000 1/s (Interview with JAPAY Director).
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CHAPTER 2
GROUNDWATER PROTECTION PLANNING
FROM A DEVELOPING COUNTRY PERSPECTIVE
INTRODUCTION
Planning and implementing a groundwater quality protection program requires
a long-term commitment from government officials and the public due to the complex
nature of groundwater. Gathering information to serve as the basis for sound
decision-making, building public support for measures adopted, and monitoring the
effectiveness of policies is a long-term process23 . Furthermore, many agencies and
communities may have to work together to coordinate protection policies since
groundwater boundaries do not neatly divide along political lines. Groundwater
protection may be particularly difficult in Merida's case because much is still not
known about the hydrogeology of karst environments and contaminant transport
within such environments. Despite these challenges, Merida officials can pursue a
protection program by undertaking a comprehensive planning approach that evaluates
what actions are feasible with currently available resources.
For purposes of this thesis, comprehensive planning involves both the policy
and implementation process for groundwater protection. Good planning efforts are
wasted if the programs that result are not properly monitored and fine-tuned as new
21Carroll County, Maryland took ten years to commission studies, collect data, and plan
its protection program (Thomas, 1990). This is an extreme, however. Clark County,
Virginia, took two years to develop a plan. The county used existing technical information
to develop its plan but began other research studies to meet future needs (Lee and
Christoffel, 1990). The Minnesota Project estimates about sixteen months are needed to get
a program off the ground (Minn. Project, 1993b).
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information arrives or circumstances change. Comprehensive planning also means
addressing not only the protection of a natural system but also the issues of
infrastructure provision, land use management, institutional organization, and public
education.
Comprehensive planning is required in protecting groundwater because of the
complex nature of this resource. Residential practices, agricultural activities, and
industrial operations generate contaminants that can be harmful to humans and natural
ecosystems, yet one agency cannot control all these contamination sources. The
current responsibilities of agencies are narrowly focused in comparison to the array of
issues that need to be addressed to properly protect groundwater" .
Following a comprehensive approach does not commit officials to developing
and implementing a comprehensive protection program. While this type of program is
desirable, local resources or circumstances may make only a targeted or incremental
program possible (Meij and Abdalla, 1990). A targeted program may address only
one contamination source (e.g. hazardous wastes). An incremental program, on the
other hand, would implement various but interrelated pieces of a planned program over
a period of time, or in phases, as resources became available. The latter approach may
be more appropriate for Merida, given the analysis of local circumstances discussed in
this chapter and in greater detail in Chapter 3.
24For example, even if JAPAY, the water utility, can purchase land surrounding Merida's
public wells, it cannot prohibit land uses outside the area it owns. These land uses may have
an adverse impact on water quality. It may be that only the city planning department could
control these land uses, not JAPAY.
This chapter draws primarily from the United States (US) experience in
groundwater protection planning2 5. Although some European countries have pursued
protection measures earlier than the US, I have chosen to present the US case since I
am more familiar with it.
APPLYING A COMPREHENSIVE PLANNING APPROACH IN MERIDA
The experience in the US reveals eight components, listed in Figure 3, for
developing an effective local groundwater protection program2 6 . The first four
components pertain to the planning process for developing a program, while the latter
four focus on implementation issues. Each component involves a discrete process that
may require different types of resources and degree of involvement by different levels
of government.
Figure 3: Components of a Comprehensive Planning Approach for Groundwater Protection
PLANNING PROCESS IMPLEMENTATION ELEMENTS
oCreating a Groundwater Protection Committee 0Monitoring Groundwater Quality
oldentifying Sensitive Areas *Enforcement of Policies
eAssessing Contamination Risks *Evaluating Program Effectiveness
oSelecting Management Strategies oModifying the Program
21At the start of my research, I originally hoped to find examples of protection programs
from developing countries; however, I soon discovered that many countries are still in the
process of documenting their groundwater pollution problems.
26I reviewed EPA's suggested wellhead protection planning process and other
groundwater protection planning books, mostly published in 1987 or 1988, and I applied
what I have learned in Phil Herr's course 11.224 (Urban and Environmental Impact
Assessment), to arrive at these eight components. The first four components are often
stressed and the remaining four seem to receive less attention. This may be because there
are fewer resources available for components such as monitoring and evaluation.
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While one might expect that these eight components could be easily applied in
a developing country, it is important to note that the US experience, from which they
are derived, assumes that local governments have a great degree of autonomy, that
citizens actively participate in local policy development, and that an infrastructure
exists for supporting protection programs. These assumptions do not necessarily hold
in a developing country context, making groundwater protection planning more
difficult and possibly lengthier than in the US.
In Merida, as may be the case in other cities in developing countries with a
strong central government, the city government has a limited degree of autonomy in
setting its own environmental quality standards. For example, the federal government
allows the state to set stricter water effluent discharges when local circumstances
deem it necessary (Diario Oficial de la Federacidn, 1993). This discretion, however,
has not been extended to city governments. Without this authority, the city has to
rely on the state to modify these standards, possibly delaying implementation of its
programs27
Citizens in Merida, and Mexico as whole, do not expect to take part in or play
a leading role in shaping local policy. For most people, policy making is the
27The state could grant, through legislative action, zoning authority in groundwater
protection to local authorities (Canter et al., 1987). For example, Clarke County, Virginia
was the first to be authorized to regulate wells not under the State Board of Health. This
authority was later extended to all counties. The county's initiative to protect groundwater at
the local level led the state to formally grant authority to include groundwater protection in
comprehensive plans and zoning ordinances (Lee and Christoffel, 1990). Without legal
authority, the local land use ordinances can be legally challenged in court when they are
considered to infringe on private property rights (Yanggen and Born, 1990).
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responsibility of elected officials or agencies who are experienced in such matters.
For example, the development of the city's 1993 master plan was the full
responsibility of the planning department, not a citizen task force or advisory board
working jointly with the planning department. Various interests were consulted but
were not involved from the beginning of the planning process to the final production
of the plan. This lack of full public participation in decision-making may lead to a
sense of non-proprietorship of the resulting policy; as a result, city officials may find
enforcing such a policy difficult".
Should Merida begin planning for groundwater protection, it may be the first
city in Mexico to undertake such an endeavor. Without an existing program under
which to operate, it may be difficult to get funding or technical support for carrying
out such an effort29 . The city will also have to be careful to structure the program
to ensure a degree of success that can build and maintain credibility among the public.
Since there is no other program within Mexico to hold up as an example of success,
people may be skeptical in the beginning. However, with an effective education
program, city officials can build support for protecting water resources.
Despite the differences between the US context and Merida's context, the US
"This was the fourth master plan for Merida. The first plan was issued in 1978,
followed by another in 1980, and then one in 1988 (Aguilar, 1993). Interest groups may not
have been consulted as extensively in the past as they were for developing this latest one.
"When local governments in the US undertook protection programs in areas where
several localities shared an aquifer, each locality proceeded to develop it own program,
without coordinating with the others, leading to ineffective protection (Horsely Witten and
Hegemann, 1991). Merida runs the risk of having this problem unless it reaches out to other
counties where its groundwater is recharged.
experience provides useful lessons for Merida. Furthermore, a favorable environment
may soon be created that recognizes the importance of protecting groundwater
resources. The CNA is preparing a draft state aquifer regulation which it intends to
present to a "Water Group", a group composed of various parties interested in
groundwater use 0 . The CNA will convene this group to further develop the
regulation to better reflect their interests". City officials could use this opportunity
and the "Water Group" model to begin planning how they will protect their water
supplies at the local level.
The following eight sections present the issues that officials need to consider in
preparing an effective groundwater protection program. The first part focuses on four
essential components to produce a protection program and the second part discusses
the four components essential to effective implementation.
"
0The idea of a regulation begun from a concern of salt water intrusion in the coast due
to overdrafting. The idea was later expanded to include regulating the aquifer use and
development in the entire state because of the many irrigation wells drilled as a result of
changes in agricultural policies. Salt water intrusion could also be a problem in the interior
of the state due to pumping at a faster rate than the rate of recharge.
31This committee model is taken from the experience in protecting the Comarca Lagunera
Aquifer in the states of Durango and Coahuila in Northern Mexico. The Comarca Lagunera
regulation, issued in 1991, is one example in Mexico of broader public participation in water
resource protection. This regulation stemmed from the concern of overdrafting the aquifer
shared by the two states and not so much from the deterioration of water quality due to
contaminants. Various interest groups worked closely with water planners to develop the
aquifer management regulation. An evaluation of the difference participation made in terms
of compliance with the regulation could help in convincing other water planners to pursue
public participation as a planning tool.
PART I: THE PLANNING PROCESS
CREATING A GROUNDWATER PROTECTION COMMITTEE
To create a sense of proprietorship of and commitment to regulations,
officials need to involve the public" in the design of proposed regulations. Public
ownership of the process may be key to compliance and building support for future
actions. Although agency officials" alone could design a groundwater protection
strategy, the policies they develop might be viewed as unreasonable by those who
would be affected. While from the officials' perspective, the proposed policies may
be what is required to safeguard a resource, designing a policy without public input
may ignore many legitimate concerns of affected groups. These groups may legally
or politically challenge the policies or simply ignore them, thereby hindering the
officials' efforts'.
"The public is understood to be citizens, not necessarily affiliated with any particular
group, and associations such as business, environmental, and agricultural groups.
"Agency officials are professionals within an agency. Officials is the term that will be
used from this point onward to refer to these professionals.
34The Department of Environmental Protection in New York City experienced such
opposition to its proposed 1990 New York City watershed regulations. DEP was under
pressure to find an acceptable alternative to building an $8 billion dollar treatment plant
mandated by the EPA to protect the city's drinking water quality. To avoid building the
plant, DEP drafted strict regulations to manage and protect the watershed area that feeds the
various reservoirs located in rural areas outside the city limits. Despite the enabling
authority DEP had to undertake such measures, the towns within the watershed rejected the
proposed regulations and pushed for public involvement to enable developing appropriate
regulations that met their interests as well as the city's (Department of Environmental
Protection, 1991).
Examples of Public Participation
Forming committees is not a foreign concept in Merida. Officials and the
public are most familiar with committees formed under the national anti-poverty
program Solidarity. In this program, neighbors in low income or poor areas come
together and work with program officials to tailor solutions that meet their basic
needs". Another example of working by committee, with which CNA state officials
are familiar, is the "Water Group" that worked on developing an aquifer management
regulation for the Comarca Lagunera region in Northern Mexico. CNA officials were
able to work closely with interest groups from the region in elaborating a regulation
acceptable to all participants.
These examples of working with the public are few and far between, however.
Despite Mexican environmental laws calling for public participation, the mechanisms
to carry this out are not well developed. Public participation is sometimes interpreted
as giving input after a project or process has begun or towards the end of a project, as
is the case of environmental impact statements, rather than as public involvement
throughout a project (Pisanty-Levy, 1993). Part of the problem may be that officials
lack the training to work with groups, and the Mexican public in general is still
unfamiliar with the concept of taking an active part in policy formulation.
Furthermore, officials may perceive that working with a group is too time consuming,
preferring to continue elaborating policies on their own because it is more "expedient".
"Federal funding through Solidarity enables low income neighborhoods to get basic
services such as water and electricity.
How to Broaden Participation
The use of the term "public participation" in the remainder of this section
refers to the inclusion of interest groups or stakeholders 6 in the policy-making
process. While it is ideal to invite any interested citizen to participate in the policy-
making process, as is done in the US, this is not a realistic expectation at this time for
Merida's case. Organized groups in Merida are more likely to be prepared for
working with government officials than individual citizens.
Broader involvement in the decision-making process can be achieved through
the formation of a committee composed of officials and stakeholders. This committee
is sometimes called an advisory board or task force. The committee's task would be
to present recommendations to the lead agency (or coordinating agencies) responsible
for overseeing the implementation of the protection program3". To accomplish this
task the committee needs to define the problem, set goals and objectives, and identify
management strategies for accomplishing the objectives as well as consider issues such
as monitoring, enforcement, evaluation, and mechanisms for updating the program (all
discussed in more detail in later sections).
36 Stakeholders are those who will be affected or may be affected by a solution to a
perceived problem. Stakeholders can include citizens, organized groups, elected officials, and
agency representatives.
37It is important for officials who are charged with making a final decision be involved
throughout the process so as to not be surprised when final recommendations are made.
Decision-makers can learn much by being involved.
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Once the program is designed, the committee may be institutionalized to
oversee the program's implementation. Maintaining a permanent committee,
however, is difficult. People may not have the time to attend meetings on a regular
basis over a long period of time. Whether the committee decides to disband or not, a
mechanism for reviewing proposed changes to the program should be included in the
program plan. Options for future involvement of stakeholders may range from
another committee forming if the situation merits it to agency officials soliciting input
through surveys.
If interested groups prefer to work in a committee without experts or if agency
professionals believe they can accomplish more by working with each other in a
separate committee, then a citizen advisory committee (CAC), composed of interested
parties, and a technical advisory committee (TAC), composed of experts from various
agencies and universities, can form. The TAC and CAC will need to set rules for
how they will work with each other to maximize the public participation opportunity.
The TAC will need to explain what analysis it will carry out and the assumptions
made in carrying out such an analysis. Despite the seeming objectivity of experts,
they make many subjective judgements during research and analysis. It is therefore
important for experts to present the assumptions they make to the CAC members and
for these to have an opportunity to ask questions to better understand the implications
of the TACs assumptions. The CAC will help the TAC by agreeing on what the
problems are that need further research or what information it needs to make
decisions.
Benefits of Working by Committee
Whether one or two committees form, this institutional mechanism has several
important benefits. For a start, stakeholders, as members of the committee, learn
about groundwater hydrology and groundwater contamination problems. Through
careful presentation of technical concepts at the participants' level, committee
members can understand the complexities of groundwater behavior, enabling them to
make more informed decisions about policy actions. Committees are a good approach
to educating people about a problem and the impacts possible solutions to it could
have (Batie and Diebel, 1990).
Furthermore, through a committee format stakeholders can build consensus
about the program goals once they have defined the problem. The Merida program
goals can, for example, focus on protecting public wellfields and the independent
systems. Program goals will determine the program breadth, facilitating the selection
of management strategies, discussed later in this chapter.
Finally, a committee format allows for participating agencies to share
information and coordinate responsibilities. By working together, agency
representatives are able to clarify their responsibilities and better define what each
agency can do best.
Problems Encountered in Working with Committees
Among the problems committees face are identifying legitimate parties and
doing outreach to get them involved. Rules for identifying participants before the
process gets along and for integrating new participants once the process has started
should be drawn up by those who were initially present and then agreed upon by all
newcomers. If a legitimate party does not wish to participate in the committee, the
committee should try to convince the party to be part of the group process. If the
committee efforts fail, it needs to make it clear to the general public that the
committee made all efforts to involve the party. This will dispel any notions of
deliberate exclusion".
Another problem commonly encountered is the lack of staff training to work
with groups. Building consensus, allowing everyone equal access to the floor, and
minimizing conflict among participants takes skill and practice. In poorly run
meetings, participants may walk out of a supposedly participatory process feeling like
they never had an opportunity to express their views and that the decisions made do
not reflect their interests. The person (or persons) selected to bring the group
together and serve as facilitator should be prepared in this capacity lest the process be
perceived as unfair or ineffective".
Another problem that may be encountered is how to involve people who are
not organized but who would be affected by the policy under discussion. In such a
situation, it may be necessary for the coordinating agency to assist these people to
38There may be times when an interested party has an agenda that is better served by not
participating.
39CINVESTAV is currently developing a method for involving citizens in the
development of policies that will guide their communities' development. Researchers are
working with several rural communities to identify problems these communities would like to
address and help them develop management strategies to address these problems (Interview
with Batllori, Castillo, and Dickinson).
form an organization whose members would then select representatives to participate.
For example, if small pig farmers are not officially affiliated with the pork association
because of their relatively small size, and this association is not able to represent their
interests, then they may want to develop their own organization. Coordinating
agencies should have the capacity to assist these people in getting their organization
started.
Summary
Public participation is a way for developing policies that better reflect the
interests of affected groups or stakeholders. In the US, involving the public usually
means bringing together citizens and organized groups. In Merida's context, citizens
may not be as readily prepared to take part in the policy-making process as would
organized groups such as business and environmental associations. Given this
existing situation, it may be useful to involve only organized groups.
One approach described in this section to involve interested parties is the use
of committees. A committee format has many benefits which include education of
participants on groundwater problems, consensus in defining the problem and program
goals, and sharing of information among agencies that previously may not have done
so on a regular basis. One drawback of this approach is that identifying interested
parties may be difficult. Another problem in Merida's case is that the staff capacity
may not exist for effectively coordinating a committee. Finally, another problem is
what to do about people who would be affected by the policy but who are not
organized.
Working in a committee, where both officials (elected and agency staff) and
the public (organized groups and any interested citizen) are involved, is an evolving
concept in Mexico. Given this situation, it may be preferable to have a technical
advisory committee composed of professionals and a citizen advisory committee
composed of various interest groups or stakeholders.
The next section discusses delineating sensitive areas to manage. Methods
selected for delineating these areas will depend on what the committee or decision
makers have chosen as the program goals, the technical capacity of responsible
agencies, and policy considerations such as public acceptance of proposed solutions.
IDENTIFYING SENSITIVE AREAS
Among the first tasks usually undertaken in groundwater protection planning is
identifying sensitive areas to manage. Areas are considered sensitive if the aquifer
can be exposed to contaminants that can migrate towards wells or fragile ecosystems.
In unconfined karst aquifers like Merida's, this area could potentially cover the entire
aquifer due to the thin soil cover and the high permeability of carbonate karst rock.
In such environments, precipitation directly infiltrates to the aquifer, leaving very
little time for the soil to attenuate contaminants 0 . These characteristics make
4 Once in the aquifer, water can diffuse vertically and laterally through small fractures
and very large channels or caverns. Contaminants in the aquifer, however, may be degraded
by chemical, biological, or physical processes (Jaffe and DiNovo, 1987; Soller and Berg,
1992).
delineating the sensitive areas difficult"1 .
Types of Sensitive Areas
Sensitive areas can include local and regional recharge areas for existing and
future public wells, areas where contaminants enter directly to the aquifer such as
sinkholes and their drainage basins4 2 ; and areas of suspected or potential
contamination -- e.g. industrial zones and areas downgradient from landfills (Yanggen
and Born, 1990). Local recharge areas encompass areas around wells. These areas
can be subdivided into the zone of influence (ZOI) and zone of contribution (ZOC),
where the former is determined by the cone formed by the water being pumped (see
Figure 4).
Regional recharge areas are where water that eventually shows up at the deep
levels of the aquifer enters the aquifer. Recharge may occur at an upgradient distance
of many kilometers. This may be the case for the recharge area of the Merida unit of
the Yucatan aquifer. The Merida unit gets partially recharged by water flowing in
from the two neighboring states (SAHR, 1989).
Little is known about the recharge area for public wells in Merida, meriting
further research. Water managers I interviewed are not concerned about deteriorating
water quality flowing from neighboring states because, from their point of view, the
4 1An alternative to delineating sensitive areas would be to enact source controls
throughout the aquifer area (Jaffe and DiNovo, 1987).
4 2A sinkhole belt spans in a semicircle which begins from the coast, northwest of Merida,
extends south of Merida, and ends at the coast, at the Bocas de Dzilam, northeast of Merida
(M6ndez Ramos, 1991).
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areas southeast and southwest of the Yucatan state are primarily rural. While these
areas are rural, it does not mean that activities that occur within them cannot
contaminate groundwater. As mentioned in Chapter 1, in the US, groundwater in
rural areas have been contaminated by pesticides and, in the case south of Merida,
some public wells have been contaminated by fertilizers.
The sensitive areas selected for protection will depend on the program goals.
These goals could pertain to protecting public wells, private wells for commercial,
agricultural, or industrial purposes, or natural ecosystems. The remaining part of this
section focuses on protecting public wells.
Wellhead Protection Areas
Areas commonly delineated, and of particular interest to Merida water utility
officials, are those around public wells, i.e., wellhead protection areas43. The US
Environmental Protection Agency's (EPA's) Wellhead Protection (WHP) Program is
designed to provide support to state and local efforts to protect public wells from
"direct introduction of contaminants through and around well casing, microbial
contaminants, and chemical contaminants""'4 5 (EPA, 1987:1-1,1-5).
431in recent years, some European decision-makers have started to talk about delineating
sensitive areas to protect against particular contaminants. An example of this type of
protection zone is the United Kingdom's policy for delineating nitrate sensitive areas in
agricultural zones (Harryman, 1989).
"Both the US and some European countries have developed well head protection area
programs, with Europe having a longer history and experience with such programs and
inspiring the US's WHP program (for a summary of European approaches, see Cleary and
Cleary, 1991). In the US, the 1986 amendments to the Safe Drinking Water Act authorized
the WHP program. Under this program, the EPA provides technical and funding support to
45
The appropriate size of a wellhead protection area (WHPA) depends on
program goals, technical capacity, and policy considerations (e.g. public acceptance).
EPA's overall program goals are to determine an area within which:
* remediation action can be taken in case of contamination,
* natural attenuation of contaminants can occur, and
* land uses can be managed to reduce contamination.
Technical capacity issues involve choosing delineation methods that have the
following characteristics:
* ease of application;
* ease of quantification;
* ability for delineation criterion to reflect hydrogeological changes;
* ease of field verification;
* ability to reflect water quality standards;
e applicability to local site; and
* ability to incorporate local physical processes controlling the contaminant
transport.
Policy considerations for determining the size of the WHPA include:
* political viability;
* public acceptance;
* costs of developing the delineation technique;
" enforceability of delineated boundary;
* phasing to more sophisticated methods as resources become available; and
* relevance to selected protection goals.
Decision makers must consider and balance all three factors (EPA, 1987).
Once these issues have been addressed, water planners can select one of the
five criteria the EPA has identified for determining the WHPA46 . These criteria are:
distance, drawdown, time of travel, flow boundary, and assimilative capacity (see
states who choose to develop WHP programs. Once states have adopted a formal policy,
they can provide guidance to local governments in their implementation of WHP programs.
'
5Protecting against chemical contaminants is the greatest challenge of WHP programs
since much is still not known about these type of contaminants. Some toxic chemicals can
travel great distances without degrading to less harmful levels (EPA, 1987). (For a list of
these chemicals and their effects see -- EPA, 1987; Page, 1987; Jaffe and DiNovo, 1987).
4 6For a concise summary of techniques see Cleary and Cleary, 1991. For application of
techniques see EPA, 1987 and EPA, 1993.
Appendix C for a definition of each criterion). Each criterion has an associated
threshold value or boundary. Once a criterion is chosen, an appropriate method can
be selected to implement the criterion (Cleary and Cleary, 1991). Appendix C
presents the program goals, related criteria, and an example of the criteria threshold
for chemical contaminants as well as a brief description of each method for
implementing the criteria.
Using Models to Delineate the WHPAs
The delineation of WHPAs usually requires the use of models that take
account of several factors such as the zone of influence, other wells in the area, the
water table drawdown, sources of contamination, and the fate and transport of
chemicals. These models help water planners understand how groundwater systems
work and how natural processes and human impacts influence water quality. Models
also enable planners to analyze how the natural system will react to various types of
contaminants and to management alternatives that address these threats (EPA, 1987).
Both analytical and numerical models can be used; as always, the model will
only be as good as the data that are used (Lennox, Adams, and Chaplik, 1990).
Having limited data does not necessarily mean that extensive studies should be
undertaken to collect more information. On the contrary, by using existing
knowledge about a system, basic hydrogeologic principles, and what data are
presently available, some important modeling parameters may be estimated (Le Grand
and Rosen 1990). These parameters include hydraulic conductivity4 7, depth to
groundwater, geochemical conditions, rock and soil composition, recharge rate, and
nature of existing contaminants. As knowledge of the system increases uncertainties
in the model can be reduced, and the recharge area better defined. An important
point to remember is that the protected area should be based on sound scientific
principles so that management strategies proposed for the zone can stand up in court
or public hearings if challenged by land users" (Lennox, Addams, and Chaplik,
1990).
Problems in Delineating WHPAs in Merida
Developing a wellhead protection area for the three public systems (and
possibly for the independent systems as well) may be costly for several reasons.
First, the presence of non-interconnecting channels in the aquifer prevents
hydrogeologists from applying the same results to all wells. One of the special
features of limestone karst aquifers is their flow pattern. Karst aquifers can have
diffuse flow and conduit flow. In the first type, flow is homogeneous so that models
used for porous granular media are appropriate. For conduit flow aquifers, however,
flow is along channels that may or may not interconnect. Contaminants traveling in
47Hydraulic conductivity is the rate at which water flows through a permeable medium
(EPA, 1987).
4
"Sometimes delineating a protection zone is not possible to do until information is
gathered. Some states in the US have arbitrary fixed radii which are based on knowledge
about the area and expert judgement (EPA, 1987). This seems to be the approach CNA is
taking in the proposed aquifer protection regulation now being developed. This approach can
be a temporary measure until a more scientifically based approach is developed.
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these channels may be rapidly flushed from their entry point to the discharge point,
may be diluted, or may be dispersed when mixed with other water if channels
connect. When channels do not connect there is limited dilution or dispersion of
contaminants. Due to these characteristics, delineation of a karst's recharge or
drainage basin is likely to occur first, followed by flow studies, most likely using dye
tracing to determine which parts of the basin contribute to public wells (EPA, 1987).
Separate dye tracing tests may be needed for each wellfield, raising the program
costs.
Developing a reliable model can also be costly since some of the needed data
may not as yet have been collected. Although not all data must be available to
develop a model, basic information such as how contaminants behave in the aquifer is
important. Carrying out such research can be expensive.
Currently the CNA is developing a contaminant transport model which, when
complete, should be a useful tool for delineating WHPAs. If this model, however,
cannot adequately account for all the special features of a karst aquifer or to project
the impact different types of land uses may have on water quality, the accuracy of
resulting protection zones will limited49 . Despite these limitations, sufficient
49A new model, called DIVERSITY, has been developed in the US to study the impact of
contaminants on water quality. DIVERSITY supersedes DRASTIC, a widely used model,
that is not appropriate for karst aquifers. The new model, however, is only sensitive to
natural vulnerability. The modelers have not integrated the impact of land uses (Ray and
O'Dell, 1993). If natural contaminants negatively affect the water quality, this may imply
that when land use impacts are added, the situation could be worse. The saving factor could
be that some anthropogenic contaminants may be attenuated thanks to the geological features
(Soller and Berg, 1992).
information exists to better delineate the wellhead zones of protection than the
currently arbitrarily chosen distance of 500 meters. This radius should be considered
a temporary measure until more accurate radii are determined.
Summary
Delineating sensitive areas enables protecting the most vulnerable parts of the
aquifer. Models can be used to better determine these areas; however, they need to
account for special features in the case of karst aquifers. The extent of the protected
areas will depend on the program goals selected, technical capacity, and policy
considerations. The costs for protecting each public well can be high in Merida
because individual dye tests may be needed to determine the recharge area for each
well. Until more hydrogeological information is available, the existing 500 meter
radius protection zone can be seen as a temporary measure.
Once a sensitive area has been delineated, identifying potential threats from
land uses within the area will be key to managing these areas. The next section
discusses identifying pollution sources and assessing land-use risks.
ASSESSING CONTAMINATION RISKS
To establish risk management priorities, especially when resources are limited,
there is a need to identify and map land uses and then assess the risks these land uses
pose. Risks can then be ranked and appropriate measures developed for managing
existing and future activities within a sensitive zone.
Mapping Land Uses
Information about land uses should be as detailed as possible. Former,
existing, and intended use of the land should be identified and mapped. Previous uses
will determine the capacity of the land to contaminate when put into new use (EPA,
1993). Maps should specifically identify residential areas that have a sewer system
and those that rely on on-site sewage disposal. Agricultural areas should indicate the
location of animal feedlots, irrigated fields, irrigation wells, places where wastes are
stockpiled and fields that use fertilizer and pesticides. The map should also indicate
industrial and commercial sites, identifying the types of activities that may have an
impact on water quality (e.g. steel plating, rock mining, carwashes, dry cleaning, and
gas stations) (Jaffe and DiNovo, 1987). Finally, the map should also identify waste
disposal sites such as sewage treatment plants, landfills, underground injection wells,
lagoons, and abandoned wells (EPA, 1993). This detailed information can then be
overlaid with the map of the aquifer boundaries'"'. Once risks are assessed, those
land uses that pose the highest risks located within sensitive zones can then be
managed.
One difficult and time consuming part of this process is data gathering. To
save time and money, the committee should capitalize on existing information filed at
the various agencies that deal with each land use. For example, the planning
5
'The aquifer map should include the local groundwater flow direction as well (Jaffe and
DiNovo, 1987).
"The following are the most likely contamination sources of concern: septic tanks, deep
well injection, landfill leaching, emergency spills, underground gasoline tanks, rain drainage
wells, urban runoff, and agricultural runoff.
department has already mapped many of the high risk land uses. SARH has also
recently undertaken an inventory of some of the farms (ejido lands) and mapped the
location of their corresponding wells. Additional information not found at an agency
may be obtained by enrolling volunteers to undertake a census of land uses. In El
Paso, Texas senior citizens surveyed land uses within 3.5 days, finishing weeks earlier
than expected (EPA, 1993). In Yucatan, high school and university students have
participated as population census takers. This group is a good pool from which to
draw volunteers52 .
Three Types of Risks to Assess
Ranking of the land use risks should be based on public health risks, aquifer
vulnerability, and regulatory adequacy. Health risk assessment evaluates the potential
impact groundwater contamination could have on public health. Factors to take into
account include the population potentially affected, the toxicity of contaminants, the
quantity of the contaminants, and the mobility and persistence of these contaminants
once released (Shook and Grantham, 1993).
Aquifer vulnerability is the extent to which soil and hydrogeologic
characteristics attenuate contaminants. Factors to take into account can include depth
to groundwater, soil attenuation capacity, and the degree to which local recharge
moves contaminants downward (Shook and Grantham, 1993).
5 2Surveys should be carefully prepared so that only the needed information is gathered.
Also, volunteers should receive training before undertaking the land survey.
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CNA has already determined and mapped the vulnerability of the Yucatan
aquifer (M6ndez Ramos, 1993). The map shows four hydrogeological zones:
coastal, sinkhole belt, interior plain, and hills and valleys and assigns a vulnerability
value to each. The Merida aquifer falls within the interior plain zone which is
classified as highly susceptible to contamination. The most vulnerable area is the
sinkhole belt, followed by the coastal zone. The hills and valleys received the same
classification as the interior plain (M6ndez Ramos, 1993).
Finally, a regulatory risk is the extent to which existing regulations can
prevent or remedy groundwater contamination. If good regulations are in the books
but are ignored in practice, then this situation poses a threat to protecting the
resource. On the other hand, if no regulation is in place for a particular potential
contamination source, then this too poses a threat. Regulatory programs can be
evaluated based on several factors that may include: requirement of and compliance
with permits, wide public awareness and acceptance, and authority to exact penalties
(Shook and Grantham, 1993). Undertaking this type of assessment may reveal that
another level of authority may be better at enforcing the regulations. It may be the
case that the city should have the power to design its own regulations and enforce
them or it may be the case that a higher level of government is best suited for the
task, especially when regional impacts are important. Not taking into account the
regulatory adequacy may lead to inadequate protection priorities13.
"Assessing the regulatory risk is not normally done. Jaffe and DiNovo (1987), for
example, only mention assessing health risks and aquifer vulnerability.
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Several methods exist to rank health risks and aquifer vulnerability.
Sophisticated health risk assessment methods include the Le Grand method developed
to assess hazardous waste disposal facilities4. This method evaluates the waste,
site, and local hydrological characteristics in eight steps. This method requires much
data and up to three days to assess a site, making it impractical for many water
planners (Jaffe and DiNovo, 1987). Sophisticated methods and less sophisticated
methods, however, can be modified to meet local circumstances.
Common Problems in Risk Assessment
Two problems likely to be encountered when performing risk assessment in the
United States are also likely in Merida. One problem in assessing health risks is the
lack of epidemiological information about toxic contaminants. The long-term toxicity
of many chemicals have not been studied. An associated problem in Merida's case is
determining if toxic chemicals have contaminated the aquifer and how these behave
once in the aquifer. The British Geologic Society, the Engineering School of the
Yucatan State University (FIUADY), and CNA are currently trying to determine the
presence of volatile organic compounds in the groundwater".
Another problem in assessing risks is determining the acceptable levels of
discharge for a contaminant when local conditions differ from those on which national
standards were set. The karst aquifer in the Yucatan is probably more susceptible to
54For details on this method see H.E. Le Grand, A Standard Systemfor Evaluating Waste
Disposal Sites, 1983.
"Interview with Mendez Ramos and Villasuso Pino.
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pollution than the confined aquifers found elsewhere in Mexico. The federal
government has recognized such situations and has allowed, for example, the state
branches of the CNA to set stricter wastewater discharge standards when necessary
(Diario Oficial de la Federaci6n, Oct. 1993).
Summary
Assessing contamination risks involves knowing previous, existing, and
planned land uses and their associated potential for contamination. Gathering the data
to determine these land uses may be difficult; however, a planning committee or
agency can be resourceful in using volunteers to help conduct a land use survey.
Once land uses are identified and mapped, their contamination potential needs to be
assessed and then the urgency to address potential pollution sources ranked. Several
methods for ranking are available, ranging from very sophisticated ones developed
that only experts can use to simpler ones that require less expertise in their
implementation. A planning committee or agency can modify an existing method or
create one of its own to meet the local context. Merida is likely to encounter the
same types of problems as any city or locality in the US in carrying this planning
component out.
The next section addresses management strategies for controlling or prohibiting
potential or existing contamination sources.
SELECTING MANAGEMENT STRATEGIES
Management tools can be regulatory and non-regulatory. Among the
commonly used regulatory approaches by local governments are land use regulations
and health ordinances and among non-regulatory approaches, public education, best
management practices, and land acquisition. The following section describes these.
An additional array of management tools are listed in Appendix D.
Regulatory Approaches to Controlling Contamination Sources
The close connection between groundwater quality and land uses leads to
selecting land use regulations as an important part of an effective protection program
(Yanggen and Born, 1990). Groundwater quality protection measures, for example,
can be included in zoning ordinances and subdivision regulations to regulate future
development 6 . In both cases, a locality can use techniques such as performance
standards to control contamination sources rather than relying solely on banning all
uses within a sensitive zone".
Several zoning options are available, some of which are easier to implement
when an area has not been zoned or developed. Where an area has been zoned,
5 6Subdivision regulations can require more environmentally sound design and construction
standards, low leakage sewers, and single wastewater treatment plants to minimize
groundwater impacts (EPA, 1993).
"Performance standards offer advantages because land users have a choice as to how to
meet the standard, taking advantage of their knowledge of control methods, new technology,
etc. Performance standards thus reduce conflicts between economic development and
groundwater protection. The main disadvantages are that monitoring is needed to verify
compliance and administering performance based zoning may require trained staff to evaluate
proposed projects.
zoning can be changed to limit development to that which is more environmentally
safe. Zoning options include:
zoning the wellhead protection area so that, for example, handling of toxic
materials may be prohibited within this zone;
- down-zoning where an area zoned, for example, as industrial can be rezoned as
residential to limit contaminant sources;
* large lot zoning where the number of buildings is limited to fit with the land's
capacity to attenuate contaminants;
overlay zoning where uses within an existing zoned area are more strictly
regulated to protect water resources; and
cluster zoning where existing zoning requirements such as lot size are waved
to allow the same density of houses be built in a concentrated manner, away
from sensitive land areas, thus leaving more open space. (Horsely Witten
Hegemann, Inc, 1991; EPA, 1993).
In Merida's case, the two options that are most applicable are zoning the
wellhead protection area and overlay zoning. These two options are basically the
same, except that zoning regulations are already in place for the latter option. In the
cases where zoning exists, water planners or planning committees have to revise
zoning ordinances to include groundwater quality protection measures. In Merida, this
overlay zoning option is best for independent public supply systems since these fall
within urbanized areas where zoning is most likely in place. If that is the case, then
zoning ordinances can be revised to include water quality protection criteria.
Health ordinances have an advantage over land use controls in that they
regulate existing and future uses. Health regulations in the US tend to focus on the
design, location, and maintenance requirements for septic systems, and the regulation
of solid waste disposal in sanitary landfills. In some cases communities can also
regulate the handling of hazardous materials within sensitive areas. Facilities can be
required to report to the Board of Health how materials are stored, used, and disposed.
Regulations can also be implemented to require permits for new storage tanks and to
limit the use of pesticides within sensitive zones (EPA, 1993).
In Merida, it may be useful to either work with the local state health
representative to draft or revise health ordinances or else seek special authority from
the state legislature for the city to enact its own regulations.
Non-Regulatory Approaches to Controlling Contamination Sources
Non-regulatory approaches are more suitable for controlling non-point sources
of pollution" which are diffuse in nature making it difficult to identify one source
that is responsible for a contamination problem. Public education, land acquisition,
and best management practices are among the most commonly used non-regulatory
tools.
Public education is an important non-regulatory tool that can achieve several
purposes. First, citizens can be educated about contamination threats to groundwater
58Non-point sources include on-site septic systems, urban runoff, and agricultural runoff.
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supplies. With increased awareness, citizens are better informed and are more likely
to support protection measures. Second, citizens can be encouraged to change habits
that have a negative impact on water quality (e.g. disposing of used car oil on the
ground). Finally, public education can encourage good habits in young children, and
build their awareness of the value of clean water and how to protect it (EPA 1993;
Minnesota Project, 1993b). Educating adults and the young would be one avenue to
develop a water culture that water officials say is missing or lost in Yucatan 9 and
which they wish to foster. Public education is often identified as a key factor in the
success of US protection programs. This non-regulatory option is further discussed in
Chapter 3.
Best management practices are operating procedures proven to reduce sources
of contamination. The adoption of these practices can be voluntary or mandated. In
the latter case, enforcement of the practices may be difficult if an adequate number of
enforcement staff are not available. Hence, it may be preferable to pursue voluntary
compliance through a program that provides training, on-going support, and clear
economic benefits to those who adopt the practices. While best management practices
are usually designed for industrial or commercial activities, best management
practices can also be designed for municipalities and households. Merida, for
example, can review existing management practices for residential septic tank
maintenance and determine how to get people to better maintain their septic systems.
Land acquisition is another measure to control contamination sources. A
5 The Maya's had elaborate ceremonies dedicated to the rain god Chaac.
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locality or the water utility can purchase land within recharge zones or other sensitive
areas. JAPAY already owns the immediate lands around the three primary public
wellfields, and with the establishment of the city's park reserve, land uses within the
municipality's boundaries near the Cuxtal wellfield can now be more readily
controlled. Ownership of the land around wellfields, however, may need to be
reviewed to determine whether the existing boundaries are sufficient to protect the
wells from contaminants. In particular, protection around independent systems need to
be examined.
Where a locality cannot afford to purchase or manage a large piece of land,
non-profit organizations may be interested in acquiring the land and maintaining it as a
wildlife preserve.
Conservation easements are also another option where a landowner agrees not
to conduct certain activities on his or her land. The restriction is stipulated in the
deed so that when the land is sold the restriction remains enforce. A landowner can
also agree to a restrictive covenant where a restriction stipulated in the deed comes
into force when the land is sold (EPA, 1993).
Choosing Among Management Tools
Knowing what management options are available is important. Equally
important is knowing how to choose among these options. As a first step, a planning
committee or agency should check that a local government has the authority to
regulate a source or activity. In this way, adopted measures can withstand court or
public hearing challenges. This step can be part of the regulatory adequacy
assessment. If a contamination source is not currently regulated, then local officials
in Merida, for example, can seek to get authority to regulate it.
A second step is to review staff capacity and funding resources to implement
the selected strategy. This is a very important step for Merida officials. Staff need
to have the necessary skills to carry out the strategies selected. If they do not, then it
may be necessary for them to get training or for the agency to hire new staff.
Finally, the planning committee or agency should conduct a policy impact
analysis to better understand the effects a proposed policy would have. This analysis
should assess both the environmental and fiscal impacts. It should also take into
account the impact on the group regulated and, in the case of producers, the resulting
impact a change in prices would have on households'. Among important questions
to ask are:
* How much to regulate and can regulation achieve the desired result?.
* Who is affected by the proposed policy: Who pays? Who benefits?
* What are the potential fiscal impacts of the proposed policy?
* What are the potential unintended effects of the proposed policy (e.g.
60Uri and Huang (1990) have developed a model that a regional authority can use in
selecting among groundwater protection policy options. Their model takes into account the
authority who makes the policy, the producer whose production process may have adverse
effects on groundwater quality and households who would consume the products produced.
Their model enables an authority to consider a protection policy's benefits and costs in
relation to producers and households. This model is innovative in that existing models only
take into account the policy impacts on either the producer or households. This model,
however, assumes that a regional authority has the staff with economic backgrounds to apply
it correctly.
controlling growth in one place may displace growth to another place).
Policy impact analyses are often not done perhaps due to limited resources,
lack of staff capacity, and the difficulty in assigning dollar values to environmental
amenities.
Several impact assessment techniques are available, some which are computer
ready models requiring little expertise. Agencies in Merida may already have these.
Where they are not available, agencies may consider acquiring them. Care should be
taken, however, to understand the assumptions that go into these models.
Summary
Many regulatory and non-regulatory options are available to protect
groundwater resources. Land use regulations, health ordinances, best management
practices and education are among the most commonly used by a local government.
When selecting strategies, the committee or agency should determine a local
government's authority to regulate a source, evaluate the staff capacity and resources
to effectively carry out the strategy, and conduct a policy impact analysis. Not taking
the time to do all three may result in the challenge of the regulation or in unintended
negative effects. Rather than using resources to remedy unexpected problems,
resources may be best used upfront to analyze the policy selected to avoid problems
from arising in the first place.
PART II
The following part of this chapter focuses on the implementation elements to
include in a protection program.
MONITORING GROUNDWATER QUALITY
One element that has not received sufficient attention in groundwater
protection programs, but that is very essential, is monitoring groundwater quality. In
reviewing various groundwater protection programs, the US National Research
Council's Committee on Ground Water Quality Protection (1989) found that the
programs reviewed did not have adequate resources (i.e., field surveillance,
monitoring capability, and laboratory support) to carry out this critical function.
Monitoring the physical environment can be costly and determining appropriate
locations to place monitoring devices difficult"1 . Smith and Ritzi (1989) show that
high spatial and temporal resolutions (location of wells and monitoring frequency)
may be needed to properly monitor contaminants in certain regimes (e.g.
heterogenous, carbonate aquifers). Random sampling at a regional level may yield
misleading results if the hydrogeological regime (especially the groundwater-flow) is
not well characterized6 2.
6 1One problem occurs when monitoring equipment fails to register contamination until a
few years after the event has occurred. Leachate, for example, is difficult to monitor
(Conservation Foundation, 1987).
62 The field site used by the authors was the Sycamore Farm experimental facility,
northwest of Dayton, Ohio. This site was set up to study the relationship between rural land
uses and groundwater quality in the upland farm regions of the Midwest. The model
simulation revealed that nitrate did not accumulate, but moved through shallow, localized
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One way to minimize costs and make the most of a monitoring system is to
allow various researchers access to the data to further enhance the existing knowledge
base about a hydrogeological system. The system established in Czechoslovakia takes
the above mentioned concerns into account. A quantity-monitoring network has been
in place in Czechoslovakia since the 1930s and a quality-network added in the 1980s
as a result of increased human impacts on groundwater resources 3'". Vrba and
Pekny (1991:9), two Czech researchers, conclude that coordinated approaches to
monitoring groundwater, surface water, precipitation, climate, and soil "...result in
,,61reduced costs of the design and operation of monitoring programs
flow systems. For heterogenous, carbonate aquifers, Smith and Ritzi's work suggest that
nitrate concentrations above acceptable limits may occur in localized groundwater flow
systems. These high concentrations can be missed by widely-spaced monitoring wells if these
do not intersect these flows.
63The regional monitoring network for shallow aquifers in the fluvial deposits of the Elbe
River in Bohemia, an area farmed for 1,000 years, has revealed a marked increase in nitrate
content in groundwater. While nitrogen fertilizer use has increased eightfold, cereal crop
yields have only doubled. If current nitrate contamination in shallow aquifers continues, 42
percent of public water supply systems in the Elbe River region will not meet drinking water
standards by the year 2000 (Vrba and Pekny, 1991).
"Where several aquifers exist, separate boreholes are drilled to monitor each aquifer.
According to the researchers, analyzing mixed water yields unsatisfactory results. The
sampling frequency and the number of monitoring boreholes depend on the value and
vulnerability of the aquifer. Vrba and Pekny note that the Czech system monitors the
unsaturated zone, an area increasingly recognized as important to monitor since chemical,
biological, and physical changes that occur at this level decisively affect groundwater quality.
65Data can be analyzed by scientists from different disciplines. For example, analysis of
data obtained from pilot monitoring stations have furthered the understanding of plant-soil-
water systems. The data has shown that where fertilizers are applied to areas not suitable to
them, the restoration of the water quality is lengthy. Furthermore, where sudden changes in
doses and kinds of fertilizers occur, the soil system destabilizes. In such cases, the nitrate
content in groundwater does not decrease significantly when a low dose of inorganic fertilizer
is applied. The data has also revealed that nitrate concentrations in groundwater are higher
under monocrops then under rotated crop systems. Finally, the data has shown that nitrate
concentrations is influenced by climate. Heavy precipitation in 1981 increased nitrate
While national and regional monitoring networks are government funded, local
networks are designed, operated, and paid for by potential polluters". The
information gathered from these networks help improve groundwater protection
planning and management of water resources; anticipate and reduce pollution threats;
build a better understanding of the impact natural processes have on the groundwater
system; and enhance antipollution policy (Vrba and Pekny, 1991).
Merida's monitoring network may need to be evaluated to determine if the
current spatial distribution and monitoring frequency is sufficient to warn of
contamination events. Additionally, the system could be expanded to monitor
pesticides, fertilizers, and animal manure contamination in the surrounding rural area.
Monitoring efforts in the agriculture sector could be coordinated with JAPAY, CNA,
and FIUADY to better assess water quality and contamination potential of land uses.
Summary
Monitoring can serve several essential purposes. At a minimum, monitoring
enables assessing water quality conditions and trends. Monitoring can also help
program officials better understand how the natural systems work and the impact land
uses have on water quality, enabling them to modify existing policies or develop new
ones if unanticipated events occur. Yet monitoring can be costly to undertake
properly. Additionally, certain hydrogeological environments (e.g. karsts aquifers)
concentration in water and lower precipitation and favorable climate to cereal crops between
1982-1985 decreased the concentration (Vrba and Pekny, 1991).
'These include operators of airports, waste disposal sites, and gasoline (petrol) stations.
65
may not be properly monitored when not well characterized. The existing system in
Merida may therefore need to be evaluated and further enhanced. Various
researchers can make use of a well-planned network thus spreading the costs across
users.
Beyond the issues of setting up monitoring networks is the issue of using
monitoring data to determine compliance with policies, facilitating identification of
polluters. This issue is discussed in the next section. Monitoring is also an important
component of evaluating the effectiveness and success of the policies implemented, as
discussed in the section after enforcement.
ENFORCEMENT OF POLICIES
The Conservation Foundation (1987) identifies three components essential for
an effective enforcement program: a clear definition of what is compliance and non-
compliance, capability to verify compliance as defined, and incentives to induce
compliance. To this list, I would add the need to build public confidence in
regulators pursuing violators in order to maintain public support for protection
programs67.
To enable agencies to enforce regulations, specific conditions or requirements
need to be clearly defined. Care should be taken, however, to minimize reliance on
command and control strategies which may not be as efffective, for example, as
67Public confidence is important because the public's taxes may go towards protection
programs and because the public can press elected representatives to support such programs.
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setting maximum allowable contaminant levels and then letting firms decide how to
meet these standards68 . Merida officials may want to take the opportunity to review
existing compliance requirements, update them, and more clearly define compliance
where applicable as they plan a protection program.
Several strategies are available to enable enforcement including permits, fines,
criminal penalties, licenses, approval of management plans, self-reporting
demonstrating compliance, effluent charges, tax credits and citizen suits" (EPA,
1989; Conservation Foundation, 1987). Among the most familiar strategies available
is a permit system whereby an agency issues a permit if certain criteria are met. The
permit system, however, need not be limited to common activities such as wastewater
discharges or well drilling. In New Jersey, the Department of Environmental
Protection, with enabling authority from the state's Environmental Cleanup
Responsibility Act, is required to approve sales of certain industrial facilities.
Facilities and the groundwater underneath them must be free of hazardous waste
contamination prior to a sale. This program has created incentives for owners of such
6 8Controlling groundwater pollution sources have tended towards command-and-control
strategies such as specifying the type of equipment to use. This approach deprives firms of
making their own decisions about what is the best way for them to meet their economic
bottom line and comply with regulations. In addition, the approach requires enforcement
staff to verify the proper maintenance and operation of the required equipment, a task quite
difficult to accomplish (Conservation Foundation, 1987).
69Citizen suits are controversial. Although they may induce agencies to carry out their
enforcement responsibilities, they depend on the court system which may take years to
resolve the suit. In the meantime, the issue of whether appropriate monitoring is conducted
is not addressed (Conservation Foundation, 1987).
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properties to monitor contamination or undertake clean up efforts? (Conservation
Foundation, 1987).
Another common strategy is civil and criminal penalties where no permit may
be required but standards have to be met. Violations of these standards may result in
fines or incarceration (NRC, 1989). Incarceration is less common and remains an
issue of some debate in the US because it is not clear who should be held
accountable: the employees, management, or the president of the company.
Selected enforcement strategies should be those that can and will be enforced.
Implementing agencies need to ensure that staff have the proper training and resources
to carry out their responsibilities; otherwise the program is likely to achieve very little
(EPA, 1989). Both of the above enforcement strategies require staff and resources to
carry them out. Staff need to review applications and understand a proposed project's
consequences as well as conduct field inspections or review submitted monitoring
reports. Often times, properly trained staff to carry out these responsibilities are in
short supply. The National Research Council (NRC) found that of the programs they
reviewed none "had an adequate number of professionally trained staff to carry out
the program requirements" (NRC, 1989:174). This shortage may be due to
inadequate funding and/or a failure to match strategies with staff capacity.
Another problem affecting groundwater programs aside from staff shortages is
the lack of timely and accurate information. Monitoring stations may not reveal a
700ne problem with this permitting system is that sometimes the polluter is not readily
identifiable because of the diffuse nature of contaminants within groundwater.
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problem for several years. Compounding this problem is the fact that pollutants may
not originate from the alleged polluter. In some cases, determining compliance with
certain activities such as pesticide application and septic tank maintenance is very
difficult. Non-point sources are difficult to regulate due to the diffuse nature of non-
point pollution and the number of sources that exist (Conservation Foundation, 1987).
Based on my discussion with city officials, a shortage of trained staff likely
exists in Merida. The newly created department of ecology within city hall, for
example, currently has three staff people to oversee and carry out the city's proposed
environmental programs. Careful review of what the existing and projected staff can
accomplish can help set realistic compliance requirements. People may not comply
with regulations if they know that it is unlikely that they will be caught for violating
them.
Enforcement strategies need to be credible. A selected strategy needs to show
that if a firm or user does not comply with a state permitting process, for example,
the agency has the authority and (staff) ability to take serious economic sanctions
against that firm or user. In Merida's case, if not enough staff are available to do
field visits, agencies need to explore creative incentives to make regulated entities
comply.
Finally, publicizing enforcement accomplishments is one way to build public
confidence in implementing agencies and support for the protection program in
general. The current head of the local branch of PROFEPA (SEDESOL's
enforcement office) was often quoted in the papers about how many violators they had
fined. Agencies need not wait for news reporters to come to them. Rather, they
should use the media to regularly inform the public of their accomplishments and
future activities. NRC (1989:176) notes that "the handling of pollution events has an
important impact on public confidence in state programs."
Summary
Clearly defining what is meant by compliance and non-compliance enables
agencies to better carry out enforcement efforts. Agencies should select enforcement
strategies that they are able to implement based on the existing or anticipated available
resources. Shortage of well-trained staff and timely information can hamper
compliance efforts. While there is a list of familiar strategies, agency staff can be
creative in designing regulations that contain a strong incentive for regulated bodies to
comply, such as that illustrated by New Jersey. Publicizing compliance records on a
regular basis, in addition to receiving media coverage of major pollution violation
cases, can build public confidence in regulators and support for protection programs.
In Merida's case, PROFEPA seems to be doing this well. Overall, however, it is
likely that staff shortages at the local, state, and federal level and lack of timely
information hinders proper enforcement of existing standards.
EVALUATING PROGRAM EFFECTIVENESS
Once a program has begun, periodic evaluation of its progress and
effectiveness in meeting program goals are necessary to enable fine tuning policies.
Many of the US protection programs today do not have an evaluation mechanism".
When I asked a water planner about evaluation, he told me that the funding for
programs only allows for designing the programs72 .
Evaluations, in general, tend to focus on assessing what has happened relative
to program goals. This type of evaluation assesses the progress a program has made
and why. Questions asked include: Is the program achieving the desired results? Is
water quality improving? If not, why not? Is the program monitoring what it
intended to monitor? Has contamination occurred despite monitoring aimed at serving
as a warning to prevent contamination? This is generally the type of evaluation with
which most people are familiar and is important to carry out; however it leaves out
three other areas or evaluation domains that are important in environmental
management. These other domains focus on unintended effects which the program
administrators may not want to evaluate but which are important to understand; on
what new alternatives may exist as a result of changing circumstances and what their
advantages are for achieving the program goals; and on what the organization has
learned about its organizational capacity and effectiveness (Susskind's class lecture,
4/7/93). The first type of evaluation, described above, can be considered the first
evaluation domain.
71Many programs have a review mechanism which is not the same as an evaluation. A
review mechanism may only look at what new pressing problems need to be addressed and
prioritizing actions.
7 2Martin Pillsbury, the planner I interviewed, has helped many communities with their
protection programs. Pillsbury works at the Metropolitan Area Planning Council, a regional
planning agency that works with 101 communities in the Boston metro area.
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In the second domain, staff evaluate unintended impacts. Policy efforts may
have adverse effects (or positive ones) that could not have been anticipated because of
inadequate available information and uncertainties about a natural system. It is
therefore important to ask: Are there unintended environmental or socio-economic
consequences caused by the program efforts? Are there new sources of pollution not
currently controlled? How far to look beyond the program area for unintended effects
can be difficult. To carry out this type of evaluation, there is a need to define the
size of the area to study and identify the groups that may have been affected and how
they were affected. Unintended outcomes may need to be incorporated into the
program or have another agency deal with them71.
The third domain assesses new alternatives. Once knowledge is available for
how the program policies performed and their unintended impacts assessed, the
program policies can be compared to a new set of alternatives to achieve the program
goals. Some policies may be working well but others may not. For those that are
not, the implementing agency or committee needs to examine other ways to encourage
adoption or compliance with policies. This process essentially takes the committee or
agency back to component three (assessing contamination risks) or four (selecting
management tools), depending on the nature of the problem. In some cases a newly
identified problem may require going back to component one (creating a committee).
The most difficult type of evaluation to undertake is evaluating the
73Program administrators or their bosses may not wish to undertake this type of
evaluation because the impacts may be fall outside of the intended study area or
administrative jurisdiction.
performance of the implementing agency or agencies. This fourth evaluation domain
is rarely mandated (Susskind's class lecture, 4/7/93). Conducting such an assessment
may be viewed as threatening to the organization's political status, budget, or
reputation. Agency staff, therefore, need to be convinced that evaluating the agency
performance could benefit them greatly. For example, assessing the agency
performance can be helpful for identifying areas where staff may need more training
to carry out responsibilities, for requesting that other agencies get involved or take on
part of the responsibilities, or to improve decision-making within the agency.
Questions to ask include: Is the implementation schedule on time? If not, why not?
Are there other ways to better coordinate staff resources? What additional skills are
needed to carry out existing or anticipated responsibilities? Implementing this fourth
domain may be difficult at first in Merida as well as any other place. Responsible
agencies overseeing the protection program may want to evaluate a limited number of
areas which everyone would feel comfortable addressing. Overtime other criteria
could be added as agency staff are accustomed to the procedures.
Evaluating the program's effectiveness does not need to be a complicated task
requiring an outside evaluator. In the past, the zeal for finding the exact causal
relation for the success or failure of a program led to very expensive and complex
evaluation designs that were of little use to program managers (Casley and Kumar,
1988). Fortunately, simpler methods have been developed for in-house staff to use.
Additionally, evaluators today are more willing to make operational recommendations
rather than simply identifying the problem (Sylvia et al., 1985).
The evaluation criteria chosen should be those indicators that best reflect the
program's objectives. For example, if the objective is to meet drinking water quality
standards, than the indicators would be monitoring data for the specific contaminants
of interest. While agency staff alone could decide on the evaluation criteria, the
Citizen Advisory Committee (CAC) and the Technical Advisory Committee (CAC)
should discuss these criteria during the planning process to ensure that everyone
agrees on them. Criteria can be selected for evaluating water quality, land use
regulation impacts, administrative capacity, and public education program
effectiveness.
The plan should also state who will carry out the evaluation and when, what
funding sources are available, and what follow-up actions to take once evaluation
findings are available 74 . This last point is discussed further in the next section.
Summary
The evaluation process can be summarized in the following way:
EVALUATION PROCESS
OEvaluate 75
(Domain 1) *success: Is the program achieving goals and objectives?
(Domain 2&3) *progress: What new information or insights have we learned?
(Domain 4) elearning:
*Use results to fine tune policies
How does this new information affect the program'?
What new alternatives are available?
What have we learned about our organizational capacity?
to improve program.
74The literature I consulted on groundwater protection planning contained very limited
information on this component.
75From Susskind's class lecture, April 12, 1993.
74
While the first evaluation domain is important, program staff should be open
and interested in carrying the other three discussed. The results of all four domains
can enable staff to fine tune the program or policies.
MODIFYING THE PROGRAM
Updating a program or policy is an important component for the continued
success of any program, but in particular for long-terms ones such as the one for
groundwater protection. Although this section could have easily been part of
evaluation component, I considered the updating of the program or policies important
enough to deserve separate mention.
Because environmental management involves uncertainties, there is a need to
plan for how new information will be used. Political, economic, and technological
circumstance may change, making existing policies irrelevant or less effective than
when they were conceived. Additionally, studies may reveal new problems that need
to be considered. The information obtained can, thus, be used to fine tune the
protection program or policies to better achieve the program goals. For example, if
an incremental program is chosen, the evaluation results may signal that the next
stage can be undertaken or that the original plan may need to be modified.
How new data is to be used should be discussed when designing the program.
Spelling out this modification step is important because often evaluation studies simply
sit on the shelf without anyone acting on their recommendations. In talking to Donna
Rasmussen, a water planner, she told me that an evaluation of the local program in
her area had not been approved because the decision-makers feared that the evaluation
would just be another study that collects dust. This "fear" of evaluation studies may
be a relic of the way evaluations had been done in the sixties and seventies. It could
also be that top decision-makers do not realize the usefulness of evaluations to
program managers (Hatry et al., 1987). For these reasons, program managers should
clearly state the purpose for undertaking an evaluation and the mechanisms for
addressing the findings during the planning process. How to address a new problem
may take program managers back to component one, meeting with a committee or to
component four, conducting a policy impact analysis of each alternative under
consideration.
The overseeing agency in Merida should carefully consider the design of the
updating mechanism. Program staff and top decision-makers need to be aware of
what updating the program may entail. The agency may also want to consider how to
get stakeholder input when meeting in a committee setting is not possible.
Summary
Improving the quality of the protection program is an iterative process.
Changing circumstances may lead to refocusing priorities or operational procedures.
How to choose among alternatives or how to proceed may entail meeting again with a
committee of stakeholders (component one of the planning process) or conducting a
policy impact analysis (component four). Once the new policies are in place than
their effectiveness will need to be evaluated and the program possibly updated again,
completing yet another iteration. In Merida, the agency charged with overseeing the
protection program needs to be well aware of what updating the program will entail.
CONCLUSION
The following two boxes highlight the main points for each of the eight
components in the comprehensive planning approach proposed in this thesis.
BOX 1. THE PLANNING PROCESS
Planning Component Application to Merida
* Creating a GW Protection Committee
OID interest groups or stakeholders
*Collect resource and resource use information
*Set program goals after component 2 and 3 completed
*Carry out components 2-8
* Identifying Sensitive Protection Areas
eldentify and prioritize areas to protect
* Identify and modify models to delineate protection area
*ldentify and map land uses within these areas;
+Assessing Contamination Risks
01Identify potential or existing contamination sources
*Rank risks
* Selecting Management Strategies
*Most commonly used tools
*Regulatory
*zoning ordinances
*health ordinances
ONon-Regulatory
*public education
*best management practices
eland acquisition
* Review enabling authority to regulate
* Review staff capacity and resources
* Perform an environmental and fiscal impact analysis of
alternatives
" Merida agency officials coordinate participation process.
" Compile hydrogeological data, water use, land uses, and
socio-economic data
* Goals for the program can focus on protecting public
wellfields and independent systems
* Carry out components 2-8
* Identify wellhead protection areas, regional recharge areas,
sinkholes, industrial complexes
* Complete the contaminant transport model
* Map municipal, domestic, commercial, industrial, and
agricultural land uses
* Most likely priority contamination sources are:
eseptic tanks *underground gasoline tanks
*deep well injection *rain drainage wells
*blandfill leaching *urban runoff
*emergency spills eagricultural runoff
* Assess health and regulatory risks; the aquifer vulnerability
has been determined and mapped
" Revise zoning ordinances to include water quality criteria
* Strengthen septic tank regulations
* Begin a public education program (discussed in more detail in
Chapter 3)
4 Review existing practices
* Review land ownership around wellfield two and three, and
independent systems
* Seek enabling authority if state or federal government are not
regulating a contamination source
* Train staff to develop new skills needed or hire new staff
* Acquire and customize computer models
BOX 2. IMPLEMENTATION ELEMENTS
Planning Component
*Monitoring Groundwater Quality
*Set up a water quality monitoring network
* Enforcement of Policies
*Clearly define compliance and non-compliance
*Select enforcement strategies staff can implement
eBe creative in building incentives for compliance
*Publicize enforcement efforts to build public support
# Evaluating Program Effectiveness
" Monitor
esuccess: Is the program achieving goals and
objectives?
*progress: What new information or insights have we
learned?
*learning: What have we learned about our
organizational capacity?
* Specify when to evaluate, who will evaluate, and what
funding is available for the evaluation
* Use evaluation results to fine tune policies or program (see
next section)
* Modifying the Program
* Put mechanism in place to specify how evaluation
information is to be used to update the program
* If a new problem is discovered, then follow the agreed
procedure to address such a situation
Application to Merida
* Evaluate existing network; add networks in the agriculture
zones
* Examine how compliance is spelled out and update the
definition to make it more clear
* Review compliance record and staff capacity
* Consider new approaches for regulated entities to comply
* Agencies should use the media more to keep the public
informed of their accomplishments
* Carry out these evaluations, being sensitive to staff who may
be uncomfortable with evaluating their performance
* Design updating mechanisms for staff to follow. When
meeting with stakeholders is not possible, alternatives for
getting their input may be necessary.
The eight components discussed in this chapter illustrate the various issues that
need to be examined in planning how to protect groundwater resources. Program
planning needs to be comprehensive in scope even if an incremental program (e.g.
implementing separate but related pieces in phases) emerges from the process. While
all eight topics are important, the first one -- creating a committee -- is critical for
making the other seven components possible. The multidisciplinary nature of the
problem requires multidisciplinary solutions, with all those affected or potentially
affected participating in decision-making.
Another component that is critical once a program has begun is monitoring.
Monitoring is key for enabling proper enforcement of policies and evaluation of the
effectiveness of the protection program. Monitoring, however, has several
difficulties. One of the major problems is determining where monitoring devices are
to be located. A greater problem is encountered when the hydrogeology is not well
understood, increasing the chances for missing contamination events. Another
problem is a shortage of trained staff for monitoring existing or potential polluting
sources.
As seen in this chapter, undertaking a comprehensive planning approach to
groundwater quality protection planning is complex, involving in addition to sound
hydrogeological information, many agencies and possibly many communities since
groundwater boundaries do not neatly divide along political or administrative lines.
Political will, therefore, is essential to the success of the program -- especially to get
intergovernmental cooperation to grant protection in zoning powers, secure city, state,
and federal funding, and facilitate sharing of information. Political will to
institutionalize water quality protection through laws and regulations, assures to a
greater degree the viability of a program (NRC, 1987).
Given Merida's (and Mexico's) relatively limited experience in comprehensive
protection of groundwater quality, and that the planning and implementation of a
program can seem overwhelming, the following chapter presents recommendations for
how Merida officials can begin their planning process.
CHAPTER 3
RECOMMENDATIONS FOR PLANNING AND STARTING A
GROUNDWATER PROTECTION PROGRAM IN MERIDA
INTRODUCTION
There are three key recommendations for protecting groundwater: prevention,
prevention, and prevention. "Conventional wisdom" notes that once groundwater is
contaminated, it can be extremely costly to clean up. Although the economic costs of
protection programs have not been determined, the expected benefits outweigh such
costs. These benefits include the savings in avoided cost for cleaning up a
contaminated aquifer, public health illnesses, livestock illnesses, possible crop loss,
forgone manufacturing opportunities, and ecosystem damages (Jackson, 1980).
Preventing contamination, therefore, is a preferred long-term strategy.
The US experience shows that groundwater protection can be a complicated
and resource-intensive planning and implementation process. Comprehensive
planning efforts, however, need not be overly expensive to produce an incremental or
targeted program. Rural communities in Minnesota, for example, have planned and
implemented incremental programs with very limited resources. Part of the reason
they were able to accomplish so much with very little was the political commitment of
officials and citizens 76.
Based on my analysis of the local situation, the program for Merida should be
incremental, although the planning for such a program should be comprehensive in
76Interview with Loni Kemp, Citizen Advisory Committee Chair, Fillmore County,
Minnesota.
scope. A comprehensive planning effort at this point can help coordinate the existing
protection measures with future ones to move towards a comprehensive protection
program.
There are several reasons for undertaking an incremental program at this time.
* A perceived imminent threat is missing. City residents typically believe that
water is plentiful and safe. Known contamination events are rare so the public
is not concerned, and, consequently, does not view water protection as a top
priority.
* No institutional framework exists to guide a protection program: Mexico
does not have a federal program to protect groundwater resources, in general,
nor drinking water supplies, in particular77 . Funding and technical support
are therefore not readily available.
* Enforcement resources are limited: Many existing laws are not fully
enforced, due in part to a lack of staff.
* Local capacity is limited: The planning department may be understaffed to
attempt, for example, modifying zoning and subdivision regulations to include
groundwater quality impacts. In addition, those who administer these
regulations may not have appropriate training to judge whether proposals
would have adverse water quality impacts.
77In 1990, Mexico established a national drinking water program that focuses on
delivering potable water to households not previously served (CNA, 1993). This program
has the potential of expanding to include wellhead protection measures.
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* Institutional relationships are sensitive: Of particular import is the delicate
relationship the city has with JAPAY because it is not a city-managed
enterprise. Its director is appointed by the Governor, while its water utility
policy is set by an Advisory Board composed of various governmental
representatives; while the city mayor is a member, s/he has limited power to
influence policy. The relationship with CNA is also sensitive because of the
city-wide sewer project. This project is primarily the responsibility of this
federal authority, with the city having only limited input in the planning
process. Further complicating matters is the relationship between CNA and
JAPAY. These agencies are at odds because CNA supports privatizing
JAPAY, while the latter does not see this action as necessary?".
* Information is incomplete: The contaminant transport model is still being
designed, so much is still unknown about contaminant behavior in the aquifer.
Also, public wells' recharge areas have not been identified by previous
research efforts, so managing sensitive areas outside the immediate zone of
influence is not currently possible. Furthermore, evidence of contamination
has not been systematically studied.
Despite these circumstances, the prospect for planning an incremental program
is not as gloomy as it may first appear. Opportunities do exist for beginning the
planning process. The fact that people do not perceive an imminent threat may well
reflect only the lack of information they have about the aquifer's vulnerability to
7
"This position may have changed with the appointment of a new director.
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human insults.
RECOMMENDATIONS
There are at least two opportunities available for city officials to begin a
comprehensive planning approach. One opportunity lies in getting agencies to share
information and the other in educating the public about water resources. The
following section discusses two recommendations for making the most of these
opportunities.
Recommendation No. 1: Form an Interagency Committee.
The city government can start the comprehensive planning process by forming
an interagency committee to formulate an integrated approach to groundwater
protection and then involve interest groups in the actual planning of a protection
strategy 79. Agency people need to chart out what a comprehensive planning process
would involve before they talk to these interest groups 0.
By forming an interagency committee, agency representatives can begin to
79Ideally, the city would develop a process where interest groups such as business,
agricultural, and environmental associations and the general public could participate.
However, because of reasons discussed earlier in Chapter 2, it is premature to set up such a
situation because the local people are not prepared to take an active part in policy making and
agency staff may not be well prepared to coordinate an effective public participation program.
80 1n the US this would include the public in general not just interest groups. In Merida,
however, it is unlikely that the public would participate in a public participation program
because people are not used to doing so, hence the recommendation to work with organized
interest groups. These groups can include environmental organizations who may be looking
after the well-being of the public in general.
share information, thereby identifying duplication of efforts as well as discussing how
to prepare data that are more user friendly to all who need access.
Who would be on this committee?
Since relationships among the different levels of government are sensitive,
staff from city departments who deal, for example, with urban development and
environmental planning may want to meet first to draft a proposed strategy and then
expand to include the state and federal agencies. The city is the appropriate actor to
initiate the planning process because it controls land uses and has direct access to the
citizens.
Once city officials have designed a planning strategy they can approach other
agencies whose policies have an impact on or are affected by water resources. These
agencies include (in alphabetical order):
CNA (under SARH); This federal agency has the authority to set wastewater
discharge standards and issue permits for drilling wells.
COUSEY: This is a state agency created to manage the state-owned land reserves
for future development. COUSEY has the authority to subdivide these
lands for development.
CORETT: This is a federal agency responsible for legalizing ejido lands and
turning over federal land to the state reserve.
JAPAY: This is the state water utility responsible for all public wells within the
county. JAPAY has been very instrumental in implementing special
measures to combat cholera, a priority of the Programa Agua Limpia
(the national Clean Water Program).
PROFEPA (under SEDESOL); This federal agency enforces environmental quality
standards issued by the National Ecology Institute (INE), another
branch of SEDESOL. PROFEPA turns over water polluters to CNA
who then works with them to address the problem.
SARH: This is the federal agricultural and water resources agency responsible
for farm and irrigation policies.
Secretaria de Ecologia:
This is a state agency, created in 1989, that has worked with counties
to establish waste management plants. This agency has established and
managed state ecological reserves as well as produced environmental
educational materials for children. This agency developed the state's
environmental act approved in July, 1993.
Secretaria de Salud:
This state health agency monitors health standards for potable water.
Inventory and share existing information
Among the first tasks for the interagency committee should be to inventory and
share the existing information available on the geohydrological and socio-economic
situation. Gathering this information would be a preliminary step to working with
interest groups. Information is key to effective planning because policies need to be
backed by sound technical analysis to withstand legal and political challenges.
Agencies may be surprised at how much information is already available.
Focus research agenda
Once agencies have identified information gaps, they can set research priorities
for gathering additional basic information. Some of the basic information may be
obtained by searching the literature on the topics of interest. Another way is for
agencies to fund university students to do thesis projects that can advance the existing
knowledge base.
Agencies should sponsor students from various disciplines that can make a
contribution to building a strong protection program. Grants should be awarded to
agronomists, anthropologists, architects, biologists, ecologists, economists,
environmental engineers, epidemiologists, hydrogeologists, lawyers, political
scientists, urban planners, and others. The grants should encourage individuals to
work on a multidisciplinary group project since "groundwater pollution is a
multidisciplinary problem requiring multidisciplinary solutions"."
Of particular need is epidemiological research to determine whether
contamination of shallow wells is causing health problems. At least eleven percent of
the city population is at risk from drinking contaminated water. Although this is not
the majority of the population, it is a significant percentage whose needs should be
addressed.
"Interview with Dr. Barker, North Carolina Cooperative Extension Service.
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Implementation Vehicles
The interagency committee can piggy-back on the state's process for
developing the aquifer regulation. One way to do this is to create a subcommittee to
focus on Merida's needs, with city officials taking the coordinating role (this assumes
that a TAC and CAC are formed). Another way would be to complete the aquifer
regulation and then have Merida be the first to apply groundwater protection measures
in accordance with the state regulation. Those members of the "Water Group" (the
committee of officials and citizens) with interests in Merida's water resources could
continue to meet to help develop Merida's protection strategy.
Future of the Interagency Committee
The interagency committee could evolve into the TAC if, during Merida's
planning process, citizens and officials decide to create two committees. The
interagency committee could also be the group responsible for developing a public
education campaign to build awareness of the valuable, but highly vulnerable, karst
aquifer.
Recommendation No. 2: Begin a Public Education Program
The lack of public awareness of the aquifer's vulnerability indicates a need for
the city or an interagency committee to educate citizens on the aquifer's value.
Proposed protection policies may receive only a lukewarm reception if citizens are not
fully aware of the value of the natural resource or its fragility. In the US,
implementation of protection programs followed after the public knew of an imminent
threat.
Why do public education?
Public education is an effective avenue to build public support for proposed
policies. It is a low cost alternative when compared to remediation options. It is also
a useful strategy to deal with non-point source pollution which requires, in many
instances, voluntary compliance 2.
Conduct a survey to determine degree of awareness
To know how best to approach the education campaign, it is important to first
determine how much people know. The public has heard or read about water issues.
In particular, the public is aware of Mexico City's water conservation campaign
because of television ads on national channels. Children have read educational
materials developed by CNA as well. Finally, in my travels through the city, I saw
JAPAY educational messages on murals. The interagency committee can conduct a
survey to assess how much people know to determine their approach to the education
materials they would develop.
Another survey can be carried out to assess how much elected officials know
"Because of the diffuse nature and cumulative impact of non-point source pollution, it is
often difficult to identify one person or industry responsible for a contamination event.
Hence, regulators and communities prefer to encourage best management practices, in many
cases, through education programs.
as well. How much these officials understand an issue will often influence the degree
of support for proposed policies 3 .
Target Key Groups
To make the best use of resources, the interagency committee can target
groups whose activities pose threats to the aquifer or who are at risk of drinking
contaminated water. Citizens are more likely to support protection policies and to
monitor their own behavior if they are aware of damage their behavior causes to
themselves, others, or the environment. These groups may include:
Households: Many common household products contain toxic chemicals that,
if not, properly disposed, can end up in the aquifer. These products are sometimes
drained down the sink or flushed down the toilet. Other times, bottles or cans
containing residues of toxic materials may be thrown in the trash or dumped along
roads".
An education campaign can encourage the use of more environmentally
sensitive products as well as educate the public about the proper use and disposal of
83In an interview with Donna Rasmussen, a water planner in Minnesota, she told me that
elected officials who were less aware of water issues often slowed down the planning
process. She also said that if she had to start the planning process over, she would first
conduct a survey to make better use of time and resources.
"Proper use and disposal of household hazardous products will be important even when
the sewerage system is in place. With increasingly stricter effluent standards expected in the
future, wastewater treatment costs could substantially increase for Merida. Recent testing
programs in the US have revealed high levels of toxic contaminants in residential wastewater.
These high levels limit the potential improvements in source control despite reduction in
toxic discharges from industrial processes (Burnam et al., 1994)
90
toxic products. The education campaign may create enough support to organize
periodic household hazardous products collection days.
Farmers: Farmers can learn about best management farming practices to
reduce pesticide and fertilizer use. They can also learn about low cost ways to handle
animal manure. An effective education campaign could be coupled with a cost
sharing program in which farmers have a strong incentive to adopt the management
practices recommended. For example, a cost sharing program can cover a portion of
the costs of building a lagoon to treat animal manures.
Households with private wells: An education campaign can inform people
who own private wells about how to maintain them and perhaps have a component
where owners can get assistance in checking whether their wells are located far
enough and in the right direction from on-site septic systems or outhouses.
Use various media and enlist industry and NGO support
The education campaign can involve brochures and television, radio, and
newspaper ads. Other ways of reaching the public can also be explored. One of
these ways is through theater. This medium is particularly effective for people with
limited reading skills.
To help fund the education campaign, the government can reach out to non-
governmental organizations (NGOs) and private industry. The latter may want to
develop a campaign to raise people's awareness of environmental issues while at the
same time inform people of measures their companies have taken to protect the
environment.
CONCLUSION
Merida is ahead of other Mexican cities in protecting its environmental quality.
By adopting an environmental act, declaring a park reserve, including wellhead
protection areas in its master development plan, and pursuing a city-wide sewer
project, Merida's policy makers have demonstrated that political will and public
support for environmental protection do exist. Merida can build on this support to
improve its natural resource management strategy by adopting a comprehensive
planning approach for groundwater protection.
Groundwater protection is of increasing importance as Merida's population
continues to increase and to urbanize environmentally sensitive areas of the city,
while agricultural practices in the surrounding rural areas become more fertilizer- and
pesticide-intensive. City officials need not wait to act until the highly vulnerable karst
aquifer is in crisis, especially since remediation may be more costly than prevention.
Since resources are limited and the public may not be fully aware of threats to
the aquifer, an education campaign can build support for proposed regulatory actions
and voluntary protection activities. Agencies can also join together to conduct some
preplanning activities, and in particular, to prepare a participation process to broaden
stakeholder involvement in the development of a groundwater protection program.
One of the most important lessons to be learned from the US experience in protecting
public water supplies is the degree of collaboration required, both among agencies and
between these agencies and the public (which includes interest groups and citizens) to
design and implement effective groundwater protection programs.
Rapidly growing towns and cities in Yucatan can learn from Merida's
experience and begin their planning process for protecting their local groundwater
resources. Yucatan is fortunate to receive plentiful rainfall to recharge its high water
quality aquifer. Present and future generations need to recognize the value of this
clean water and take responsibility in protecting Chaac's gift.
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APPENDIX A
LIST OF INTERVIEWS
LOCAL GOVERNMENT
City Hall (Ayuntamiento de Mdrida)
eFrancisco Zetina Espinoza, Deputy Director of Planning
*Mario Rodriguez Padilla, Coordinator, Planning Department
*Gabriela Escalante Rufo, Analyst, Planning Department
eLaura Yam Fernandez, Analyst, Planning Department
eFernando Cobi, Director, Environmental Department.
*Carlos Santiago Ruiz, General Coordinador, Forestry Committee
*Luis Brito, Project Advisor, Environmental Department
*Mauricio Solis Lopez, Planning and Statistics Department Chief
eEduardo Vega Carrillo, General Coordinator, COPLAM
STATE GOVERNMENT
COUSEY, State Land Use Commission (Comisidn Ordenadora del Uso del Suelo de
Yucatin)
eGines Laucirica Quanche, Technical Secretary
JAPAY (Junta de Agua Potable y Alcantarillado de Yucatin)
*Wilberth Carrillo Herrera, Director
eSr. Ancona, Administrative Operations Manager
eJuan Ledn Burgos, Engineering Operations Manager
eWilliam Espejos Diaz
eMiriam Solis Alpuche, General Manager of Potable Water Treatment Plants
*Victor Canto Espadas, Assistant
State Ministry of Development (Secretarfa de Desarrollo Urbano, Obras Publicas y
Vivienda)
eAlvaro Rodriguez R., Urban Development Department Head
State Ministry of Environment (Secretarfa de Ecologia)
*Rafael Robles de Benito, Director
eJavier Pacheco Vasquez, head, Resource Conserv. and Management
eAbar Yerbes Maldonado, head, Pollution Control and Restoration
FEDERAL GOVERNMENT
National Water Commission (Comisidn Nacional de Agua, Yucatin)
e Adolfo Urias Martinez, Director
*Guillermo Cuevas Landero, Technical Secretary
*Jorge Vidal L6pez, Deputy Manager of Water Administration
eRenan Mendez Ramos, head of groundwater department
*David Garcia, groundwater department
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PROFEPA, Federal Protection Office (Procuradorfa Federal de Proteccidn al
Ambiente)
*Jorge Garcia Varillo, Pollution Office Chief
*Fernando Canul Bacab, Chemical Engineer
SARH, Ministry of Agriculture and Water Resources (Secretaria de Agricultura y
Recursos Hidrad'licos)
*Lilia Aranda, SARH Outreach Worker
*Antonio Viramontes, Former SARH-Mdrida District Chief
SEDESOL, Federal Ministry for Social Development (Secretaria de Desarrollo Social)
*Juan Jos6 Durin, Education and Outreach
OTHER
CINVESTAV, Center for Advanced Research (Centro de Investigaciones y Estudios
Avanzados)
*Dr. Federico Dickinson
*Dr. Gerardo Gold
*Eduardo Batllori
*Teresa Castillo
*Jos6 Luis Febles
FIUADY, Engineering School, University of Yucatan (Facultad de Ingenierfa,
Universidad Aut6noma de Yucatan)
*Miguel Villasuso Pino, Professor
PRONATURA (environmental group)
*Joanne Andrews, President
*Joe Keenan, Communications Department
-Fernando Sastr6 Mendez, Marketing
US INTERVIEWS
*Dr. Barker, North Carolina Cooperative Extension Service
'Dr. Rafael Bras, Prof. of Environmental Engineering, MIT
*Dr. Randall Crane, Prof. of Urban Planning, Univ. of California, Irvine
-Dr. Jonathan Fox, Prof. of Political Science, MIT
*Loni Kemp, Minnesota Project; Water CAC Chair
-Gary Kraus, US Academy of Sciences
'Martin Pillsbury, Comprehensive Planning Manager, MAPC
'Donna Rasmussen, Water Planner, Fillmore County, MN
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APPENDIX B
POPULATION AND URBANIZATION TRENDS
TABLE 1
YUCATAN AND MERIDA POPULATION, 1950-1990
Year Yucatan Merida % of Total
Population
1950 516,899
1960 614,049
1970 758,355
1980 1,063,733
1990 1,362,940
142,858
170,834
212,097
400,142
523,422
27.6
27.8
28.0
37.6
38.4
2000
Source: Bafios Ramirez 1993, and PDM, 1993.
TABLE 2
URBANIZATION IN MERIDA, 1910-1990
Year Total Surface Area Occupied Urban Growth % of Total Occupied Area
(hectares) Rate within the Periferico
1910 1,401.0 8.51
1.57
1950 3,055.9 18.56
1.74
1960 3.630.7 22.05
3.18
1970 4,963.8 30.14
4.11
1978 7,429.6 45.11
5.83
1980 8,321.0 50.53
4.06
1985 10,155.7 61.66
4.06
1988 11,443.2 69.48
4.06
1990 12,391.2 75.24
Source: Bolio Osis, 1991.
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% of Merida
Annual Growth
1.80
2.19
6.55
3.66
3.8% (projected)
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APPENDIX C
DELINEATION METHODS FOR WHPAS
The three overall WHP goals are listed below along with an example of their
corresponding criteria (representing the 5 criteria EPA has identified) and an example
of criteria threshold for chemical threats.
Overall Protection Goal
1. Delineate a remedial action
zone allowing adequate reaction
time to protect a well from
contaminant releases
2. Provide an attenuation zone
for contaminants to degrade to
specified levels before they
reach a well
3a. Provide a wellfield
management area
corresponding to a well's
recharge area
3b. Manage the entire
recharge area for existing and
future wells
Corresponding Criteria**
Example
Time of Travel (TOT)
Assimilative Capacity
Drawdown
or
Distance
Flow Boundary
Criteria Threshold for
Chemical Contaminants
5-50 years (within the aquifer);
less than 5 years in high-flow
settings
single chemical (e.g. Nitrate);
targeted to drinking standards
(e.g. 10 mg/l for Nitrate in US)
0.1 - 1.0 foot
1000 feet - more than 2 miles
physical and hydrologic
Sources: EPA, 1987:3-19 and Cleary and Cleary, 1991:242.
**Criteria Definition (from EPA, 1987)
Distance: Distance from a well to a potential contamination source,
measure.
Time of Travel (TOT):
The maximum time a contaminant travels to reach a well.
Drawdown: The level which the water table for an unconfined aquifer
for a confined aquifer drops as a result of pumping.
usually using a radius as the
or the potentiometric surface
Flow Boundary:
Uses the physical or hydrological boundaries that control groundwater flow.
Assimilative Capacity:
The subsurface capacity to attenuate (or remove or degrade) contaminants before these
reach the groundwater.
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A combination of methods are possible for applying a selected criterion. These are
(from Cleary and Cleary, 1991):
*arbitrary fixed radius method (APR) where an area around a well is determined
based on expert judgement. This area becomes the distance threshold.
calculated fixed radius method (CFR) where TOT and pumpage rate used to
determine the area.
simplified variable shapes method (SVS) where a predetermined form is selected
based on the matching of local conditions to that form.
*analytical modeling methods where flow/transport equations are analytically solved.
*hydrogeological mapping methods where geological and geophysical data, dye
tracing, and age-assessment methods are used. Applicable to karst areas.
*numerical modeling methods where the model can handle more inputs than
analytical modeling. Selection of this type of model should be based on its suitability
to the applied site, reliability, and efficient application (EPA Rep. 1987;D-3)
For a critical review of each method, see EPA, 1987, and Cleary and Cleary, 1991.
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APPENDIX D
LIST OF LAND USE MANAGEMENT TOOL S
Applicability to
Wellhead Protedlol
Regulaoryt Zoaeg
Overlay GW Protection Dtstricts
Prodbidon of Vatious land Uses
Spedal Permitung
Lrgs Lot Zoning
Transfer of Development Righis
Used to map WIlPA's
Provides for identilcaton of
seruldve areas for prutection
Used In conjuncton with other
Iol that follow
Used withisn mapped W1PA's to
prohibit known ground water
contaminants and uses that
generate contaminants
Used to restrict usee within
WlIPA's that may cau&s ground
water ccortuan-ruatan Lf left
unregulated
Used to reduce Impacts of
residential development by
imiting numbers of units within
WIIPA s.
Used to tranAser development
from WiIPA's to locations outside
WIlPA's
la,4 Use Praduic=
Coanunity identiies WIIPA's on
practical base/zoning map.
Conmulty adopts prohbitaed uses
bat within their zoning ordinance.
Community adopts sped permit
-thresholda for various uses and
tructurea within WiIPA's
Communiry grants special
permits for -threshold' uses only
U ground water quality will not be
compromised.
Community 'down zones' to
increase minimum acreage
needed for residential develop-
ment.
Community offers tranaler option
within asoning ordinance
Community kiendfiles areas
where development is to be
tranasflmed -from- and -to-.
LAgal Cosaiderahtouse
.Well accepted method of
identifying senaldve area.
May face legal challenges if
WI[PA boundaries are based
solely on artibrary deineation
Well recognized function of
toning-
Approprate technique to protect
natural resources from cwtaon-
tion-
Well recognized athod of
segregating land uam within
cridcal reOras area such Jso
WIPA's.
Requires caeaby-Cas analysis to
ensur equal treatment of
applicants.
Well recognted perogative of
local government.
Requires rational connection
between minimum lot &Ie
selected and resourca protection
goals.
Arbitrary large lot ones have
been atruck down without logical
conection to Master Plan or
WItPA program.
Anreptad land u&4 planning tot
Admiialgalve Cessderatleos
Requires staff to develop overlay
map
inherent nature of zoning
provides 'grandfather' p ection
to preexisting use and atructures
Require auendoment to toning
ordinance.
Requires enrtcement by both
visual inspection and on-tie
investigations.
Requires detailed understanlling
of W1U'A sensitivity by local
pei-t granring authority.
Requires enforcement of spsdaI
permit requirements and onsite
investlgations.
Requires, amendment to zoning
ordinance.
Cumbersome administrative
requirements
Not well suited for small
communities without signilcant
administrstive resources.
Source: Horsely Witteni Hegemann, InC., 1991
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Applicability to
Wellhead Prleliom
Private Well Protection
Nom-Regulatoryt lamd Trasater
and Volustary iestridioas
Salo/Donallon
Conservation Easements
Limited Development
Non Regulatory: Monitoring
Used to prt-ect pivat. on site
waler supply wells
Land acquired by a counitly
within WiIPAs e, ithm by
purchase or donatio.
Provides broad protectio to the
ground water supply
Can be used to limli development
within WHPAs
As the tide implies, this technique
lmita development to purdons of
a land parcel outside o WIPA's.
Used to ancoar ground water
qualiry within W1PA's.
Land Use Praict
Commurty adopts heaslh/
toning ordinance to require
permits for new private wels and
to ensure appropriate wel to
&"ydc system aetbacks.
Also requires pump and water
quality tetLn&
As non-reguatory echnique,
coamunisem geneally wori in
partnership with non-prolt land
conservation organizations.
Sanlar to sales/donadon.
conaervadon eaaensts are
generally obained with the
ataWlanos of non-eotit land
conservation organization
Land developers work with
coxrnunity es part of a duster/
PUD to develop lImIted portions
of a site and rotc odr
portiore particularly those within
WIIPA's.
Communities establish round
waler mwitoring progam within
WliPA.
Cormun.des require developers
within WIPA s to monitor
ground water quality downgradi-
ent from their development
Iegal Coaideraiions
Well aepted purIew of
govenmei to mnsure protection
of ground water
Thue are many legal con-
quence. of accepting land fcr
donation or sale from the p-ivate
telor, mostly involving LiabiLty.
Same as above
Siiuar to those noted in dutefr/
PUD under zring
Actepted method of ensuring
ground water quality.
Adminsitralive Cosideralions
Requires adininistradve suppxt
and review of applicadou
Uiere are few adliniatradvo
requirementa involved in
accepting donations or sales of
land fnm the private sector
Adaunistrative requirement& for
maintenance of land accepted or
purchased may be subetantial
partIlularly if the communi1ty
does not have a program for open
space mainteiance
Same as above
Siilar to those noted in duster/
PUD under ooning
Requires modale odministir
sitaffing to ensure routine
sampling and response if
sampling indicates contamnadon
i5(~1
AA
ij 
g
IzIl6
Ii.
jjiLj
IU
 7Al
~1 
~
a0~
 
~
~
 
I~ '~A 
~
ii
~'iJiJ
i ~
 
U
S
.
i-i 1*4
II
~I
m
m
gm
~ ~
u~. 
~
'Iii
i!fU!I ~1 Z.~
~1i~ j ~~B Aj~AhuLlIIri
I1I1
'U
